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1. INTRODUCTION. DESCRIPTION OF THE REGION 
The data presented in this paper were mostly collected by the authors in 
August, 1921, during the course of a traverse of the South Downs from War 
Down, just east of Butser Hill in Hampshire, to Beachy Head in Sussex, where 
the chalk range is cut ofi by the sea — a total distance, in a straight line, of 
56 miles, or about 90 km. The actual course of the chalk range is somewhat 
longer, about 62 miles or 100 km., since it is by no means straight throughout 
its length. Not every mile of this distance was traversed — the most consider- 
able gaps left being between War Down and Cocking (a distance of 10 miles), 
between the Devil’s Dyke and Ditchling Beacon (6 miles) and between 
Alfriston and Beachy Head (8 miles). The line of the north escarpment of the 
Lower Chalk facing the Weald was mostly followed, and about 20 of the 49 
areas examined were situated on the escarpment itself ^ — the main object of 
the survey being to obtain data from plant communities situated on soils 
immediately overlying and obviously derived directly from the chalk itself 
over a fairly extensive stretch of country, and these are most commonly 
Journ. of . Ecology XIV 1 



2 Studies of the Vegetation of the English Chalh 

encountered on moderate or steep slopes. A certain number of areas lying off 
the escarpment are, however, included in the tables, some on slopes with 
genuine chalk soil, others taken from “chalk heath’’ (6 areas) and “heath” 
(2 areas) developed on the chalk plateau. Data from the communities of these 
last two categories are given in a separate table (Table II pp. 22, 23). 

The region was revisited in June, 1923, by one of the authors in company 
with Mr H. Gilbert-Carter, with the object of supplementing the original lists 
by including species not observable at the end of the severe drought of 1921. 
Many of the areas were re-listed and a few fresh ones listed, but little that was 
new was discovered, the principal species observed in 1923 and not seen in 
1921 being Senecio caw/pestris {Cineraria inlegrifolia), a species whose sub- 
aerial slioots had no doubt dried up and disappeared during the very hot 
summer of the earlier year. Many more records of orchids were expected in 
1 923, but very few were obtained. 

The lists of Bryophytes are no doubt incomplete, partly owing to the season 
and weather of the year when they were compiled, though all the species which 
form important constituents of the Sussex chalk grassland are certainly in- 
cluded. Very little attention was given to the Bryophytes on the second series 
of visits. It is noteworthy that no Pteridophyte was met with on any of the 
49 areas examined, with the exception of Dryopieris filix~nias , which had estab- 
lished itself along with other woodland plants on one of the heath areas (a) 
almost surrounded by forest. Woody plants invading the grassland have been 
omitted (with the exception of Calluna, Erica cinerea^ Vlex nanus {minor) 
on the “chalk heaths” and “heaths”) but have been alluded to in the short 
descriptions on pp. 5-14. 

The approximate locations of the areas listed are shown in the Sketch-map 
(1-41, A-F, a, b). The sizes of the areas listed are not constant. The attempt 
was made to get as complete a list as possible from each place, so far as 
the vegetation appeared uniform and the habitat (including aspect) appeared 
constant. Probably the size of the area included in each list varied from about 
a quarter of an acre to about an acre (say an eighth to half a hectare). 

The first two areas, situated in Hampshire, are selected from the lists 
made during the more detailed investigation by the authors of “The Chalk 
Grasslands of the Hampshire-Sussex border” which forms the third of these 
“Studies” (This Journal, 13 , pp. 177-223). They are as typical examples 
as could be chosen of the extreme western chalk grasslands of the region 
under consideration. These two lists are the longest of any, partly because the 
areas are relatively large and were visited several times in different years 
and at different seasons. They lie just to the west of the well- wooded western 
region of the Downs and are not far distant from extensive woods. Passing 
eastward from these there is a considerable gap in the series, extending to 
Cocking, but the next seven areas (3-9) are all situated on the well-wooded 
Western Downs, where not only much of the escarpment but great areas of 
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plateau, dipslope and valley side are covered with forest; and the lists show 
that there is no great difference between the grassland areas in this region and 
the two distant Hampshire ones. On the next stretch (10-18), which we have 
called the West-central Downs, escarpment woods are almost lacking along 
the western section from Amberley to the Washington g^-p? but are practically 
continuous along the eastern section, from Washington to Steyning. Here 
the plateau and dipslopes are almost destitute of wood but are much covered 
with heath and scrub, alternating with arable land. At this point too, Broynvs 
erectm, very local indeed in the west, becomes locally dominant over con- 
siderable areas, and Tirachyf odium 'pinnalmn was met with for the first time. 

hexapelala also, so abundant on many of the Eastern Downs, had 
not been encountered west of this region. Senecio mmpeMrw^ again, was not 
met with west of the East-central Downs, and Phyteuma orbicularc is much 
commoner in the centre and east. Campamda glonierata, on the other hand, 
was not seen east of the West-central Downs. All six of these species are 
characteristic of chalk grassland, so that there seems to be a real floristic 
transition in the region of the (Central Downs, running parallel with the 
diminution and disappearance of chalk woodland. This does not mean, of 
course, that these sp(‘cies do not occur on the chalk of both East and West 
Sussex. They are all six recorded in Watson’s Topographical Botany and 
Supplement from both, though they were not seen by us on our traverse; 
and the difFercnces in their abundance and frequency on the Eastern and 
Western Downs must be very great. 

The East-central line of Downs may be divided into three parts: a western 
straight portion from Beexling to the Devil's Dyke (19 20), entirely destitute 
of woods, a central northward curve (not examined but with a few plantations) 
extending to just beyond the London-Brighton road, and an eastern straight 
portion (27 2t)) from Ditchling Beacon to Mount Harry (Lewes), again with 
very little wood. Then we come to the isolated Mount Caburn group of Downs 
(30 33) just east of liewes, and finally to the Eastern Downs beyond the Ouse 
valley, curving south-east and south from the Firle Beacon region to ]h‘achy 
Head (34 38). The last three areas (39- 41) were taken on each side of the 
Cuckmere valley, and, with 37 and 38, were quite close to the sea. On the 
escarpments of none of these Eastern Downs is there more than an occasional 
plantation or patch of scrub, though the plateau and dipslope are in places 
much covered by scrub or heath. 

Apart from the wide divergence between the two ends of the South Downs 
in the amount of woodland they bear, there are other features of difference. 
The western end is at present much more generally and heavily infested with 
rabbits, apparently because the Western Downs are a region of great estates, 
largely maintained for the sporting interests of their owners, while the Central 
and Eastern Downs are a region of farms in which rabbits are not encouraged. 
This difference apparently affects the dominant grasses, Avena praiensis and 

1-2 
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A, fubescens, as well as Bromm ereclus, being much more prominent in the 
centre and east than in the west. Anthoxanihum odoratum, too, is generally a 
more abundant constituent of the chalk grassland east of the River Arun. 

A leading physiognomic difference is the frequent occurrence in the region 
of the Central and Eastern Downs of tall close herbage on the steep northern 
slope of the main escarpment. This never exists where rabbits are abundant. 
It is dominated by a variety of grasses, not only the Avenae and Bromns 
erecius^ but also locally by Arrhenatherum elatius, Deschamfsia caesfitosa, Poa 
pratensis, FeMuca nibra, and in extreme cases by Festuca elatior, towards 
the damper bottom of the slope. (See areas 10, 11, 14, 19-24, 27, 28, 35, 36.) 
Primula veris, Scabiosa succisa, and Rumex acetosa are rather characteristic 
species of these slopes, while Festuca ovina and many of the small herbs of 
closely pastured chalk grassland are considerably diminished in abundance. 
The soil is generally fairly deep and often rich in humus, but it retains a dis- 
tinctly high alkalinity (pIL, 7-2 — 7*8) in the surface 2 or 3 inches. This meadow- 
community is distinct, as regards dominants and soil, from the well known chalk 
grassland dominated by Festuca ovina. But we see no reason to separate it 
from the latter at all sharply, since most of the associated list of species is 
the same. It is simply a result of the increase in the moist shaded conditions 
of the steep northern slope of the tall grasses, in the absence of continuous 
grazing. This leads to increased competition and a tendency to elimination 
of the smaller plants. The soil is characteristic (see p. ]5). 

Mosses are on the whole much less abundant in the grassland of the Central 
and Eastern than in that of the Western Downs, but some of the steep northern 
slopes just described carry a considerable moss flora. Nowhere, however, east 
of the Arun was the dominance of mosses on northern exposures of the Hamp- 
shire Downs at all paralleled, except on one northern exposure (23) of excep- 
tionally steep slope, probably artificial and suggesting (by the presence also 
of Tussilago farfara) an early phase of development. This phenomenon is 
doubtless correlated with the rainfall and humidity. The Western Downs nearly 
to the Arun and a small area round Ditchling Beacon receive between 31 and 
34 inches, while most of the Central and Eastern Downs receive between 
28 and 31. The southern exposures examined are, as might be expected, 
notably poor in bryophytes, and some are quite destitute of them. This is 
specially marked in the extreme eastern region near the sea, which is also 
poor in flowering plants, the few submaritime species not compensating for 
the poor development of the general list. Areas 39, 40 and 41 are situated in 
a region which receives less than 25 inches of rain 

Besides the species mentioned on p. 3 certain others show a preponderating 

^ Tho rainfall data are taken from Hall and Russeirs Agriculture and Soils of Kent, Surrey, 
and Sussex (1911) and represent a 10-year average. The particular 10-year period available was' 
a dry one, and the figures are probably rather more than an inch below the averages that would 
result from a longer period. 
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distribution in east or west, according to our records. Though some of these 
may be devoid of distributional significance we add the more striking for what 
they may be worth. 

Sfedes more frequent in the east. 

Anthyllis vulneraria, especially abundant around Lewes, though locally 
abundant here and there in the centre and west. 

Arabis hirsuta, only seen in the east-centre and east. 

Hiffocrefis comosa, very local in the west, is met with much more fre- 
quently in the centre and east, and though always local, is quite often dominant 
in small areas, colouring certain downsides bright yellow in June. 

Poterium sanguisorha, though one of the most constant and abundant 
constituents of chalk and limestone grassland in England as a whole, is not 
so constant in West Sussex and Hampshire as in East Sussex. 

Specdes more frequent in the west. 

Gentiana amarella on 12 (more than half) of the areas (nearly always 
marked as “occasional”) west of the Devil’s Dyke, was only seen on one area 
east of this point. 

Uelianthemum vulgare on five areas in the western, and only one in the 
eastern half. 

Leontodon autumnalis on 1 1 areas in the western and only one in the eastern 
half. 

Origanum vulgare on five in the western, one in the eastern half. 

2. DESCKIPTION8 OF AREAS EXAMINED 
A. Western Downs (mostly wooded). 

(London-Portsmouth Hoad to Kiver Arun.) 

1 . Chalton Down (Hants). Slope 24-32*^ E., alt. 350 feet, side of a valley 
on the Upper Chalk, three miles S. of the escarpment of the Lower Chalk. 
Herbage 2-3 in., pastured by sheep but not too heavily. Dotted with juniper 
bushes, and clumps of scrub in places. Soil 4 inches to the layer of large 
chalk lumps and another 4 inches to fissured upper surface of chalk m situ. 

2. War Down (Hants). Slope 16° E., alt. 600-700 feet. Close to escarp- 
ment of Lower Chalk. Herbage 3-4 in, pastured. A good list of mosses. 
Eight inches of brown to grey-brown humous loam mixed with small chalk 
fragments to surface of fissured chalk. 

3. Cocking. Slope 18-20° W.N.W., alt. 500 ft., with beechwood and 
calcicolous coppice on one side. Herbage 1 in., rabbit eaten. Carex flacca 
leading, almost dominant, much less Festuca ovina than usual. Hiffocrefis 
comosa locally dominant. Soil 2 in. of humous loam matted with roots : then 3 in. 
with chalk lumps, some 4 in. diam. Partly disintegrated chalk in situ at 5 in. 

4. Heyshott (escarpment due S. of). Slope 32° N., alt. 700 ft., chalk scrub 
with much ash to E. and W. Herbage 2-3 in. mostly dominated by mosses, 
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but no great variety. Severely rabbit-eaten but somewhat protected by mosses. 
Frequent pure clumps of Dicranum scoparitim 6 in. across, with leaves of 
Carex fiacca (the most abundant species after the mosses) striking through; 
Cirsiuw acaiile next in abundance. Soil 2 in. of surface, then at least 8 in. 
with loose chalk lumps. Seedlings of Fraxinas, Cornus and Crataegus nibbled 
over by rabbits. 

5. East Dean (roadside, sometimes lightly pastured). Slope 10° W., 
alt. 400 ft. Herbage 4”8 in. (1921) 3-12 in. (1923) forming tussocks, grasses 
dominant. Very occasional young plants of Corylus, Soil a brown loam, 
0-5 in. firmly held by roots, 5-10 in. with lumps of weathered chalk. Upper 
fissured surface of chalk in situ at 10 in. 

6. East Dean (opposite 5, pastured field), slope 10-12° B., alt. 400 ft. 
Herbage 2-4-6 in. Turf thick. Soil a brown loam 0-5 in. held by roots as 
in (5), chalk in situ at 7 in. 

7. East Dean (cattle-pastured grassland), slope 18° S., alt. 300 ft. Herbage 
2-3 in. Mainly a chalk flora, but Sieglingia deeumhens and Potentilla erecta 
local. Soil round roots of former gave no effervescence with dilute HOI: in 
other places on surface a moderate to strong effervescence. 

8. East Dean. Enclave of grassland enclosed in North Side and Tegleaze 
beechwoods, alt. 500 ft. Heavily rabbit-eaten. Soil very chalky to surface. 
Poterium sanguisorba absent. Poor flora. 

9. West Burton Hill. Slope steep to N., alt. 400 ft. Fairly typical chalk 
pasture with Festuca ovina dominant. Soil blackish brown, chalk lumps at 
3 in. Chalk in situ at 6 in. 

B. West-central Downs. River Arun to River Adur. 

10 and 11 . Amberley Mount. West and W.N.W\ exposures, alt. 100- 
500 fe(5t. Thick tall grass herbage with tall inflorescences of Avena spj)., 
Arrhenatherum, Bromus erectus, Daclylis, Trisetum, etc., not recently pastured. 
A few bushes of Crataegus and seedlings. 

12. Ainberley Mount. Slope 18-25° (32°) N., alt. 400 500 feet. Passing 
eastward to this exposure from the last the tall herbage gradually disappears 
as a hollow with a rabbit burrow complex is approached (untouched flowering 
grasses at 150 yards from this complex). Soil light brown, showing gradual 
transition from surface to chalk in situ at 1 2 in. Many root systems are present 
at this depth. 

13. Amherley Mount, further east, slope 22 32° (34°) N., alt. 400-500 feet. 
Turf somewhat rabbit eaten, 2-4 in. Seedling Quervus and Fraxinus. 

14. Raekham Hill. Slope 32-37° N., alt. 500 -600 feet. Herbage 9 18 in. 
Tall grasses dominant, mainly Avena pratensis, Dactylis glomerata and Agrostis 
alba: inflorescences 24-30 in. Soil grey-brown with chalk lumps at 3 in. and 
down to 10 in. (chalk in situ): roots abundant to 10 in. Isolated bushes of 
Juniperus, Crataegus, Fraxinus. 
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15^. Chanctonhury (west of). Slope 15° N., alt. 500 feet, herbage 1-3 in., 
moderately rabbit-eaten. Mainly a chalk flora, but Sieglmgia decumbens, 
Agrostis tenuis, Potentilla erecta and Calluna vulgaris present. Flints and 
fragments of chalk at 2 in. and downward to 7 in. where chalk is m situ. 

16^. Chanctonhury (due N. of Ring). Lower part of escarpment wooded. 
Upper part, slope 27° N., alt. 600-700 feet. Turf about 2 in. 

Poterwm sanguisorba and Carex fiacca practically co-dominant, the com- 
mon mosses abundant. Seedlings of Fraxinus, Corylus, Acer fseudo flat anus, 
Fagiis. Locally Rubus leucostachys. Soil looks chalky to surface, small chalk 
lumps in second inch. Large flat chalk blocks (probably in situ) with soil 
between from 4 to 8 inches from surface. 

17^. Steyning Round Hill. Slope 27° N., alt. 400-500 feet. Bromus erect us 
dominant generally, with Brachypodium pinnatum locally dominant. Herbage 
deep and thick, 9-12 in. Scattered Junipers with young Ilex and Fraxinus 
in their shelter: also Viburnum lantana, Rosa sp. and Solanum dulcamara. 
Soil with small chalk lumps immediately below turf, chalk in situ at 6 in. 

18. Steyning (above Maudlin Farm). Slope 5° S.E., alt. 400-500 feet. 
Numerous mixed grasses. Scattered bushes of Crataegus^ Juniper us, Primus 
spinosa, Rosa niicrantha, Rubus rusticanus. Soil very shallow, chalk showing 
on surface. 


C. East-central Downs. River Adur to River Ouse. 

19. ToUington Hill. Slope 15-25° N., alt. 300-400 feet. Very good uniform 
grassland. Grasses decidedly dominant. Arena pratensis and Bromus erectus 
preponderating; then Poterium sanguisorba. Print ala veris forming marked 
“families” and “clans.” Herbage 6-8 in. Inflorescences 2-3 feet. Scattered 
Crataegus bushes. Festuca rubra (dominant on ant hills). Soil top 3 inches, 
shrinks strongly to hard black cake on drying; chalk lumps at 3 to 1 inches. 

20. Truleigh Hill. Slope 30-32° N., alt. 600 feet. Grasses dominant. 
Herbage 10-1 2 in. Inflorescences 2 feet. Seedling Fraxinus. 

21. Edburton Hill. Slope 30 35° (in steepest ])art) N., alt. 500 600 feet. 
The tall grasses (including Poa pratensis) and Poterium very abundant: Festuca 
ovina, Beilis, Linurn catharticum, etc., especially in short grazed turf. Chalk 
lumps in soil at 4 in. Top inch of soil shrinks to blackish brown cake on drying. 

22. Perching Hill. Slope 32 37° (in steepest part) N., alt. 400 500 feet. 
Slope with narrow terraces, edges occupied by tall grasses. Festuca ovina 
grazed turf between. (Cf . Cliffe Hill, Lewes, 32.) Herbage 1 (grazed) to 1 2 inches 
(tall grasses). Mosses not abundant. Soil 3 in. of surface loam with many 
small chalk lumps beginning 1 in. from surface. 3-7 in. disintegrated chalk. 
At 7 in. chalk in situ much fissured and broken. 

23. Between Perching and Fulking Hills, a steep slope 37-40° (extreme 
42° at steepest — perhaps cut) N., alt. 450 feet. Chalk grassland, but barely 

^ Nee Table I, p. 20, for rather unexpected pH values. 
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stable in steepest places. Tussilcigo farfara with small leaves, probably a 
relict of an earlier stage of succession consequent on cutting the chalk. Much 
moss— Hylocornium triquetrum and H. sflendens locally dominant: also great 
quantities of Nechera arispa on bare patches. Over 40° the soil tends to slip 
and open, though mosses such as Hyfnum molluscum and N. crisfa^ in which 
grow herbs and grasses, may maintain themselves on the sides of cuttings at 
45° or even 50°. 

24. Fulking Hill. Slope 22-24° N.E., alt. 400-500 feet. Herbage 4-12 in. 
Avena pratensis generally dominant, Festuca rubra frequent to abundant. 

25. Devil's Dyke. Slope about 30° N.N.W., alt. 400-500 feet. Herbage 6 in* 
Moss layer 2 in. thick. Achillea, Anthoxanthum, Primula veris, Koeleria 
gracilis, Itumex acetqsa, Scabiosa spp. present (absent in 26). Soil 3 in. to 
chalk in situ. 

26. Devil's Dyke. Opposite slope, about 30° S.S.E., same altitude. Herbage 
l |-4 in. Soil 2-3 in. to chalk in situ. Grasses only sparse, no mosses. Species 
mentioned under (25) absent. Cirsium acaule, Hippocrepis markedly more 
abundant than in (25), Helianthemum present. These and similar differences 
from (25) seem entirely a result of aspect. 

27. Escarpment due S. of Goat Farm, Westmeston (one mile E. of Ditchling 
Beacon), in and above angle of V-shaped plantation. Slope 35- 37° N., alt. 600- 
700 feet. On upper part of slope herbage 8 in., tall grasses dominant and tending 
to smother other plants. On lower part (between arms of V-plantation) 
herbage 18 in., very tall grasses overwhelmingly dominant (inflorescences 
3 feet), rest of flora very poor: Festuca elatior generally dominant, Arrhena- 
therum elatius locally dominant : Pimpinella saxifraga and Centaurea nigra the 
main species maintaining themselves in the thick tall grass. This locality 
represents the most extreme dominance of grasses met with on a shallow 
chalk soil. The shelter of the plantation is evidently an additional factor. 
The plantation is composed of Pinus austriaca, Picea excelsa, Quercus ilex, 
Acer pseudoplatanus, Fraxinus excelsior, with Sambucus nigra colonising it. 
Fraxinus is the only woody plant observed to be colonising the sheltered 
grassland, in which Anthriscus silvestris occurs (rarely). Soil blackish, shrinks 
and hardens on drying. 

28. Escarpvnent N. of Plumpton Plain. Slope 30° N., alt. 500-600 feet. 
Herbage 12 in. The same grasses dominant as in (27), but Festuca elatior not 
so predominant. Crataegus bushes scattered, with Sambucus. Soil very loose 
dark humus going down at least 8 inches, with chalk lumps almost immediately 
below surface. 

29. Mount Harry. Slope 30° N., alt. 400-600 feet. (PI. 1, fig. 1.) Herbage 
tussocky, cattle-pastured, 6-8 in. high. Much moss. Poterium abundant to 
subdominant. Scattered Crataegus frequent, Yiburnum lantana occasional, 
Sycamore seedlings. Soil 3 to 4 inches of dark humous loam with small chalk 

articles, then disintegrated chalk with soil between. Solid chalk in situ at 10 in. 
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D. Isou^tm Downs East of Lewes. 

S0. Mount Cahurn. Slope 23-28^ S., alt. 300-400 feet. Herbage 4 to 6 in., 
ratber sparse* Bramm erectm md Avena pratensis dominant: these two, with 
Poterium sanguisorba, make up the great bulk of the herbage. A poor list of 
species and very few mosses: no bushes. Soil 2-3 inches to chalk lumps. 
Dries blackish, soft— many shells. Considerable carbonate and high organic 
content in surface layers. 

31. Mount Coburn. Slope 23-25'^ N*, alt. 400 feeU Herbage 8-12 in., 
much thicker than on (30). Bromus erectus dominant, with other grasses and 
Poterium. Other species more numerous and the Hylocomia present. One or 
two Crataegus bushes. Soil similar to (30), 2 to 3 inches to big chalk lumps. 

32. CUffe Hill. Slope 18^ steepeningto 32^ downwards, S., alt. 200-400 feet. 
Bromus erectly dominant, 9 inch herbage, infl. 30 in. (very dry season of 1921 
herbage 4-6 in., infl. 24 in.). On the steepest slope ridges a few inches apart, 
dominated by Bromus erectus, follow the contour lines of the hill: between 
these the sheep walk and browse on the turf, which shows bare chalky soil 
here and there. They avoid the Bromus on the whole (according to a shepherd 
they only eat the ripe seed) but here and there young Bromus shoots were 
seen eaten ofi. (Cf. Perching Hill, 22.) At the slope of 18® turf just con- 
tinuous : large chalk lumps met with in soil at 3 inches’ depth. Crataegus rare. 

33. Mailing Hill. Flat top, alt. 450 feet. Typical chalk flora: no alien 
elements. Festuca ovina dominant. Herbage short, pastured. Soil blackish, 
shrinks in drying: 4 in. to chalk, reaction neutral, high organic but low car- 
bonate content. 

E. Eastern Downs (Firle Region). 

34. Itford Hill. Slope 10-15® S., alt. 200-300 feet. Herbage short, pastured. 
Typical chalk pasture flora. Soil 3 inches to chalk, brown, moderate organic 
and carbonate content, reaction distinctly alkaline. 

35. Beddingham Hill. Slope 35® to N.E., alt. 400-500 feet. (PI. I, fig. 2.) 
Herbage 12 in. Grass inflorescences 36 to 42 in. Bromus erectus dominant, other 
tall grasses and many other species associated. Mosses, mainly Hylocomia and 
Brachytkecium purum, form a continuous stratum. Soil more than 12 inches 
deep. A few chalk lumps at 10-12 in. Top 4 inches with the greatest mass of 
roots, reaction alkaline, light grey in colour — low organic content. Seedling 
Fraodnus. Occasional plants of TJlex europaeus^ Ruhus Uucostachys^ R. rustic 
canuSf Solanum dulcamara. 

36. Firle Beacon. Slope 30-32® N., alt. 600-700 feet. Herbage 12 in., a 
mixture of tall grasses, locally eaten down by sheep. Brachypodium pinnatum 
dominant over many acres of the scarp: sometimes burned over since sheep 
refuse it. The Brachypodium shoots freely after burning, and Pwipinella, 
Leontodon hispidus, with Sonchus oleracem and other weeds, grow between the 
ahootS. Mosses locally abundant. Soil 3 in. of loam to disintegrated chalk. 
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F. Extreme Eastern Downs. 

37. Beachy Head. Slope 20-24° to S.E. (\ mile from the sea), alt. 200- 
300 feet. Parallel ridges following the contours as in (33), turf very short 
between. Herbage | to 6 in. Typical chalk grassland showing no maritime 
influence except possibly the frequency of Daticus carota. Poterium sanguisorba 
and Galium verum bulk conspicuously. Patches of scrub with JJlex eurofaeus, 
Rub us rusticanus, SamhiKMs nigra. Primus sfinosa, Crataegus, and Rosa spp., 
also Teucrium scorodonia, Inula squarrosa and Br achy f odium silvaticum. Soil 
2 inches of brown loam, grey below this. Chalk lumps at 5 inches. 

38. Beachy Head. Flat top of cliff, alt. 500 feet. Turf very short, no tall 
grasses except in local shelter. Soil, locally 6 inches of brown loam with no 
chalk lumps: in other places chalk lumps are met with an inch or two from 
surface and the chalk in situ is at 5 in. 

39. Exceat. Slope 5° W. on east side of Cuckmerc valley one mile from 
the sea, alt. 50 feet. Soil alkaline, 4 inches to chalk. Poor flora, no mosses. 

40. Cliff End. Top of cliff, alt. 200 feet, flat, some distance from edge. 
Herbage J inch. Soil alkaline, six inches to chalk. Poor flora, no mosses. 

41. South Hilt, just west of Cuckmere Haven, alt. 150 feet. Herbage 
3-4 inches, inflorescences 9-10 inches. Soil a friable loam more than 12 inches 
deep, moderate to strong effervescence with HCl. The top 4 inches showed the 
most alkaline reaction met with, 8*2. 

Notes on the Vegetation and Flora of the Maritime Region of the Sussex Chalk. 

The last five areas listed (37-41) were all fairly close to the sea (within J mile except 39 which 
was 1 mile). The maritime influence was not, however, marked except in two negative points — 
the general poverty of the flora and the almost complete absence of mosses. 37, in a sheltered 
hollow on the east side of Beachy Head, alone had a fairly long list of species, but oven here 
Brax’kythecium, jmrum was the only moss seen. 

The following general notes on the vegetation of this tract of country between Beachy Head 
and Seaford are added. 

The turf on the tojj of the cliff edge between Beachy Head and Belle Tout (alt. 300 feet) is 
very short inch), due probal)ly in the first place to full exposure to violent winds as well as 
to the sun, partly perhaps to trampling. That exposure is probably the main cause is indicated 
by the occurrence on the sides of trenches which were dtjg during the war of Teucrium scorodonia, 
Clinopodium vulgarcy etc., and the growing up of the grasses in the slightest hollow where they 
obtain local sludter. The general turf consists of a mixture of the commonest of the more 
“xerophilous” chalk grassland grasses and herbs, such as Festuca ovina, Briza media, Oirsium 
acaule, PlanUujo media, Carex flacca, with Cynosurus crutatuSy Poterium aanguisorha, Loiua 
corniculaius, etc. There are j^atches of Brachypodium pinnaUm., which suffers mucli, however, 
from exposure and trampling. The “sub-maritimes” Erodium cAcutarium and Plantago corono-pus 
were first seen here. The soil is very variable, with frequent patches of clay-with-flints passing 
down into soil with chalk lumi)S, the chalk rock lying in some cases at a considerable depth 
(e.g. over 0 feet). 

From Belle Tout to Birling Gap and beyond to the Cuckmere valley there is a very mixed 
vegetation, the edaphic, biotic and local climatic conditions varying very much from place to 
jflace. There are patclies of Ulex europaeus, the leading shrub on all this range of cliffs, often 
planted for cover, often burned over, and a good proportion shooting from the base of the burned 
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stems. Heacda lutea colonises the burned ground abundantly : also R. luteola and Echium vulgare. 
The soft young shoots of Uhx are much rabbit eaten. Calluna^ Erythraea and Euphrasia are also 
consiiicuous here. Inland the plateau is largely covered by windswept Ulex. Liyustrurn vulgare, 
badly wind-cut, but growing vigorously, occurs, also the submaritimo Agropyrum purigens. 

On the top of “Seven Sisters” cliffs the intervals between the patches of Ulex in the hollows 
are filled with Brachypodium pinnaium which thus obtains partial shelter. In another hollow 
Br achy podium and Bromus er actus mixed (with some Dactylis glomerata and Fesiuca rubra) 
alternated with Ulex. 

On the cliff in more than one place there occurred a well marked semi-open community of 
the following plants extending only three or four yards from the edge on four inches of soil mixed 
with chalk lumps under the most extreme conditions of exposure. 


liromus mollis forma (? nanus) dominant 


Echium vulgare 
Sedum acre 
Hieracium pilosella 
Potcrium saiiguisorba 
Senecio oampestris 
Festuca ovina 
Cirsium arvense 
Euphorbia exigua 
Beilis peronnis 


Thymus serpyllum 
Plantago media 
Anthyllis vulneraria 
Reseda lutea 
R. luteola 
Glauciiim luteiim 
Arenaria serpyllifolia 
Cerastium tetrandrum 
Hippocrepis comosa 


[The following maritime and submaritime plants were met with on the tops of the cliffs (100 
to 200 feet) bcitween Bcachy Head and 8eaford. 

x\gr(jpyrum pungens Erodium cicutarium 

Armeria maritima Glaueium luteum 

Carduus pycnocephalus Plantago coronopus 

iJaucus carota is locally very abundant, far more so than on any inland area examined. 

On a ledge of cliff 10 feet above the beach at Cliff End (Cuckmere Haven) were Statice Ihnonimu, 
(tlyccria maritima and Epexgularia rnarginata: a little lower down Obionc portulacoidcs, Bela 
maritima and Crithmum maritimum. These formed definite local communities (Moss’s “association 
of spray- washed rocks”).] 


G. “Chalk heaths” and heaths. 

The areas on which Calluna or Erica cinerea is developed (with the single 
exception of 15) have been excluded from Table 1, and are separately listed 
in 'hable II. That no sharp line can be drawn between chalk heath and chalk 
grassland would be expected, and there are in fact all transitions from pure 
chalk grassland to typical “chalk heath” (perhaps also from this to true 
heath, though this point has not been studied). While such plants as Sicglingia 
dccamhem, AgrodiH tenuis and Potentilla e recta may occasionally be found in 
good chalk grassland such as is developed on fairly steep slopes or on narrow 
ridges, it is apparently the rule that on very gentle slopes and flat surfaces, 
Calluna eventually appears and the other species mentioned increase in 
abundance, though most of the chalk grassland plants normally remain, as is 
shown clearly enough by the fact that the general list of species in Table II 
differs very little from that in Table I. This gives the mixed community which 
has been called a “chalk heath.” Whether it would normally develop into a 
true heath with elimination of the characteristic chalk gi-assland plants is a 
question that has not been investigated. The pH determinations made on the 
soil samples collected are below pH 7 in the top layer of soil of the four “ chalk 
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heaths’" given in Table II whose soils were tested. In another instance, 
however (Buddington Farm — see below), the pH of the top inch was 7*0, 

Chalk heath areas examined {A, B in well- wooded, C, D in slightly- wooded, 
Ey F m. non- wooded region). 

A. Heyshott Down. Summit, flat, 700 feet. At the highest level of the 
summit there was a vegetation of Calluna (v.a. to d.) with Dicranurn scoparium 
and Agrosiis tenuis on 4 inches of loam with a pH value of 6*9. Below this 
were flints and then (5-9 in.) flints mixed with disintegrated chalk lumps to 
chalk in situ at 9 inches. Isolated bushes of Crataegus, Rubns idaeus and 
Rubus sp. 

At a slightly lower level but still on the flat summit of the Down was a 
vegetation composed mainly of the common chalk grassland plants, but with 
Potentilla erecta, Luzula canipestris, Dicranum and Cladonia conspicuous. The 
turf was half an inch deep with two inches of soil, then three inches with 
numerous small chalk lumps, and chalk in situ at five inches. 

B. Burton Down. Summit, flat to S., close to woodland, alt. 700 feet. 
Turf very badly rabbit eaten, | inch, of Festuca ovina-Agrostis tenuis) only 
where mosses {Hylocomia, Dicranum, etc.) occurred was there a herbage depth 
of two inches. The clumps of Calluna were severely eaten back. A little distance 
away Calluna was less eaten 12-18 in. high, flowering. Scattered Ulex euro- 
paeus, Crataegus, Rosa lutetiana, Rosa sp. and Fraxinus. Soil 4 in. of brown 
loam, then 6 inches with flints and 2 inches with chalk lumps. Chalk in situ 
at 12 inches. (On east slope stiff yellow clay with flints to at least two feet.) 

C. Plateau between Steyning Round Hill and No Man's Land, Alt. 500 feet. 
Light brown very friable dry loam mixed with flints and a few very small 
chalk fragments. Practically uniform to 16 inches (chalk in situ). Boots 
abundant to 4 inches, still frequent at 12 inches, some penetrating to chalk. 
Bushes of Crataegus, Juniperus, Rubus leucostachys, Prunus spinosa. Mosses 
generally absent {Brachythecmm ruiahulum local). 

This is not a chalk heath; on the contrary it has a pH value of 7-4, and 
none of the chalk heath plants except Agrpstis tenuis, but is included as a 
flat plateau area for comparison with the others. Possibly it has been ploughed 
at no distant date. 

[On the Chanctonbury plateau, east of Buddington Farm at an altitude 
of 600 feet there is good chalk heath with the following species on the com- 
paratively shallow soil (7 inches) overlying the chalk: 


Calluna vulgaris 

co-d. 

Hieracium pilosella 

f. 

Festuca ovina 

co»d. 

Lotus corniculatus 

o. 

Poterium sanguisorba 

a. 

Taraxacum erythrospermum 

0. 

Ranunculus bulbuuus 

a. 

Carex flacca 

o. 

C'irsium acaulo 

a. 

Potentilla orecta 

0. 

Plantago laiiceolata 

f. — a. 

Agrostis tenuis 

o. 

Filipendula hexapetala 

f. 

Avena pratensis 

o. 

Thymus serpyllum 

f. 

Luzula campestris 

0. 

Veronica ofiicinalis 

f. 

Achillea miUefolium 

0. 

lieontodon hispidus 

f. 

Trifolium repens 

o. 

Polygala vulgaris 

f. 

Linum oathartioum 

0. 
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The following are the results of analysis of the 7 inches of soil overlying 


the chalk : 

Depth 

of 

sample 

pH 

value 

Water loss 
of air 
dry soil 
at 100° C. 

Loss on 
ignition 

(^aO 

MgO 

KgO 

0"-l" 

7-0 

7-5 

22*8 • 

M2 

•52 

•32 


7-2 

6*7 

18-9 

•74 

•53 

•31 


7-5 

0-3 

ICO 

•78 

•58 

•28 


On the adjoining plateau Calluna and Ilelianthernmn together occupied 
many mole heaps.] ' 

D, Mount Harry, Flat top, alt. GOO feet. Variable short turf (|-4 in.) 
cattle pastured and some rabbits, with Calluna, Ayrostis tennis, Sieylingia 
decAimbens and Poieniilla erecta, and also a number of ordinary chalk grassland 
plants: occasional bushes of Ulex europaens and Crataegus, Fraxinus seedling. 
Soil 4 inches of dark humous loam with a few flints, shrinking to a cake on 
air drying, overlying chalk at 4 inches. Surface 2 inches markedly acid 
(pH 0*0 to 6*5), rich in organic matter and poor in carbonates. 

E, Beddingham Hill plateau. Alt. 600 feet. Grasses and clovers con- 
spicuous, the Avenae and Bromus ereetus absent. Calluna (and elsewhere^ 
Erica cinerea) abundant locally. Ulex euro'paeus and Ruhus spp., Mespilus 
gerwxtniea in scrub. Soil 3 inches of loam, then flints to over 8 inches from 
surface. 

F, Firle Beacon plateau, close to edge of escarpment. Alt. 700 feet. Good 
chalk heath. Soil 0 inches of sandy loam, pH 6*9. 

The plateau and dipslope ridges running south from the Firle Beacon 
massif are largely covered with loam and flints and bear rough scrub in 
which Rubus spp. and Ulex europaeus are prominent, with Calluna and Erica 
cinerea alternating. Ulex nanus {minor) occurs among the Calluna, There is 
also a great deal of Brachypodium pinnatum in patches. Arable land alternates 
with the waste, and from this Cirsiuni arvense often invades. The whole region 
is very similar to the Chanctonbury-Cissbury region 22 miles to the west. 

Three-quarters of a mile to the south-east of area F Calluna (in isolated 
tufts, eaten back) gets 40 yards down over the edge of the plateau in the 
closely eaten turf of the escarpment slope at an angle of 20°. This is the 
maximum angle of chalk slope on which Calluna has been found. 

Heaths, Two areas which may fairly be called “heaths” without the 
prefix “chalk” were listed — the summit of Graffliam Down in the well- 
wooded western area, and an area south of “No Man’s Land” on the Chancton- 
bury-Cissbury plateau. Both of these show relatively high acidities, values 
below pH 6, and an absence of many of the chalk grassland plants. 

a, Graff ham Down, Flat, on the plateau close to the top of the escarpment, 
alt. 700 feet, in an angle of forest. Here Erica cinerea is abundant to dominant 
and Calluna vulgaris locally abundant. But between these dwarf shrubs 
there are patches of rabbit-eaten turf. There is an abundance of scattered 
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bushes and young trees, the area clearly being on the way to develop forest. 
The following woody plants occurred: 

Corn US sanguinea Lonicera periclymcnum Salix cinerea 

Crataegus monogyna Primus spinosa Sorbus aria 

Fagus silvatioa Rosa raierantha Ulex eiiropaeus 

Fraxinus oxcolsior Rubua leucostachys Viburnum lantana 

Ligustrum vulgare 

There is a long list of herbaceous plants — a mixture of chalk grassland and 
heath species, with a few woodland forms: namely, Digitalis purpurea, Dry- 
opteris jilix-nuis, Epilohi/um augustifoliurn, Pofenlilla sterilis. The last named 
are omitted from the list in Table 11. 

Though Graffham Down summit is on the whole a heath, it contains a 
ce^rtain admixture of chalk grassland elements. The soil is a dry light loam 
mixed with flints. The top 4 inches are very poor in carbonates and the pH 
value obtained was 5-8. There is no visible sign of chalk to a depth of one foot, 
but at this level chalk lumps occur. 

b. Heath south of '^No Mauls Landl' (Chanctonbury). Alt. 400 feet, 
slope 5° to S.E, (PI. I, fig. 4.) This area was dominated by alternating 
patches of Erun einerea> with Ulex nanus and patches of Brachypodiuni 
pinnatum : scattered bushes of Crataegus, Sambiieus nigra, Ulex europaeus, Buhus 
caesius, R. leucostachys, R. rusticanus, Rosa canina, Ilex and Fraxinus, with 
Clemaiis vitalba. Soil a light-brown dry friable loam inclined to be clayey at 
0 in. : at 8 inches a few flint fragments. The pH value of the top 8 inches was l-G. 

In comparing the lists from these chalk-heath and heath areas with those 
from the chalk grasslands we see that the occurrences and abundance of such 
characteristic chalk grassland species as the Avenae, Brom us erecius, Koeleria 
gradlis, Scahiosa columbaria, Finipinella saxifraga, Phyleurm orhiculare, are 
more or less diminished on the chalk heaths, while all these except Pimpinella 
are quite absent from tlve heaths, as well as Linuni cathartiemn and Beilis 
perennis. On the other hand, in addition to the appearance of Calluna, there are 
increased occurrences and abundance on the chalk heaths of Agrostis tenuis, 
Carex caryophyUea , Holcus lanatus (to some extent) and Sieglingia decumhens. 

On the heaths appear, besides Calhma and Erica, Carex pilulifera, Hyperi- 
cum- pulchrum, Hypochaeris radicata (found in only one of the 41 grassland 
areas), Stachys hetonica, Caliurn saxatile, Ceratodon purpureus, Polytrichum 
juniperinum and Hypnum cupressifornie var. ericetorum, too, appear on the 
heaths and on one of the chalk heaths. 

But the great majority of all the species are common to the three com- 
munities. It is clear that the chalk heath cannot be regarded as more than a 
modification of chalk grassland in the direction of heath, while the two genuine 
heaths on the chalk plateau have a poor list of heath species. They may be re- 
garded as “association-fragments” in the sense of the Upsala and new Zurich 
schools, strongly influenced by the flora of the surrounding chalk grassland. 
It is only locally that the “leaching” plateau succession has developed heath. 
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3. FLORA AND SOILS OP THE AREAS 

The two following tables (pp. 16-23) record the data collected. 

4. SOILS OF CHALK GRASSLAND 

The areas of chalk grassland from which the data presented in this paper 
are taken were all situated, as already mentioned, on comparatively shallow 
soils overlying and obviously directly derived from the chalk itself. Small 
single samples of the soil were taken from a majority of these areas (in three 
cases two samples from each) and the results of the partial analyses of these 
are given in Table I. Nearly all the samples were taken from the layer of 
maximum root development: the actual depths are given in the table. Such 
data are of course quite inadequate as the basis of a general account of the 
chalk grassland soils as such, but some comparative remarks may suitably 
be made here. 

Broadly speaking three types of soil were met with: (1) a grey jnnvdery 
soil with a very high calcium content, and varying in tint according to the 
humus content, which was often high, (2) a brown, loam, also with a high 
average humus content, and (3) a dark colovred somelimes black soil, very rich 
in humus and shrinking to a tough compact cake on drying. Of these (2) is the 
commonest and (I) the rarest, (3) occurring exclusively, in our experience, on 
steep northern escarpment slopes bearing tall herbage. In one or two cases a 
grey soil occurred under tall herbii^e. This may very well be due to inter- 
mittent heavy grazing checking the accumulation of humus, but the point 
could not be determined without far more held study than we could give. 

CaO 

^ , 

Average Range 

(1) (i grey soils 29'I 21-7 37-9 

(2) () l)rown soils lS-1 9-3 27*4 

(3) 7 (lark soils 15 0 2-4-2r>-8 

It is clear that the grey soil is the most primitive, though the areas ex- 
amined, all of which bore pretty fully developed chalk pasture, are none of 
them so primitive as the Buriton Limeworks (a) soil (see No. Ill of these 
“Studies,” This Journal, 13 , p. 184), which contained far more calcium and 
far less humus than any of those considered in the present paper. Transitional 
soils between (1 ) and (2), grey-brown in colour, were met with, and also between 
(1) and (3), blackish-grey. These last dried black, or nearly black, but soft 
and powdery, while the typical dark humous soils (3) dried into a tough 
black or dark brown cake with considerable shrinkage. 

It seems, therefore, that while the dark humous soils (3) are derived from 
(1) under conditions of moisture and rank grow^th of herbage, the brown 
soils (2) are formed from (I) under conditions of pasturage, and greater dry- 
ness. These brown soils are the most widespread and occur on medium and also 


Loss on ignition 

Avc'rage Rango 
240 11-O-3J0 

250 20-5-32-7 

31-3 23-5-42 0 


pH 

Average' Ratigi' 

7-4 f>-5-7-9 

7-4 0-9 7-0 

7-5 7-2~7-S 
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Table I. 


Western Downg (mainly wooded) ■ 

llxtreine W. (Cocking gap to River Anin) West-central Downs (River Arun to River A 


Aspect 

K. 

K. 

N.N.W 

. N. 

w. 

E. 

s. 

S. 

N. 

1 r~ 

w. 

W.N.W. N. N. 

N.W. 

N. 

N. 

N. 

Sl(»p 

le 

24- 

1(1° 

18- 

32° 

10° 

10- 

22° 





18- 22- 

32- 

15° 

27“ 

27° 

Life- 

Bf)" 


20° 



12° 






32° 32° 

37° 





form 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 13 

14 

15 

16 

17 

Aceras anthropphora 

G 

r. 

— 

— 

~ 

— 

— 


— 

— 

— 

— 

— __ 



— 


Achillea millefolium 

H 

f. 

0. 

__ 

o.-f. 

f.-a. 

— 

0. 

0. 


0. 

— 

0. f. 

f. 

o.-f. 

f. 

f. 

Agrimonia oupatorium 

n 

r. 







r. 











— 

— 








Agrostis alba 

H 

__ 

0. 

0. 

f.-a. 

o.-f. 

f. 

— 

— 

— 

a. 

f. 

0. — 

a. 

0. 

— 

l.a. 

A. tenuis (vulgaris) 

H 

l.a. 

a. 

— 

— 

u. 

— 

— 

— 

o.-f. 

— 

— 

— — 

— 

a. 

— 

— 

Arithoxanthum odoratum 

H 

f. 

u. 

— 

— 

f. 

f. 

— 

— 

f. 

a. 

f. 

f. 0. 

0. 

a. 

1 

— 

Anthriscus silvestris 

H 

_ 

__ 

_ 

_ 

_ 

_ 

__ 

— 

_ 

— 

__ 

_ _ 

_ 

_ 


— 

Anthyllis vulneraria 

H 

l.a. 

— 

— 

— 

— 

f. 


— 

— 

— 

— 

— _ 

— 


— 


Arabia hiisuta 

11 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— — 

— 

— 

— 

— 

Arenaria serpyllifolia 

Th 

__ 

— 

__ 


— 

— 

__ 

— 


— 

— 

__ 

— 

_ 

— 


Arrbenatberum elatiiis 

H 

— 

— 

— 

— 

— 

— 

— 

— 

_ 

1. 

1. 

_ _ 

I. 

— 

— 

l.a. 

AwSperula cynancbica 

Ch 

f. 

f.-a. 

f. 

f. 

f. 

f. 

o.-f. 

0. 

f. 

f. 

f. 

0. 0. 

0. 

0. 

f. 

0. 

Avena pratensis 

li 

l.a. 

1. 

0. 

— 

f.-a. 

f. 

f.-a. 

0. 

0. 

a. 

l.a. 

1. l.a. 

v.a. 

0. 

o.-f. 

a. 

A. pubescens 

II 

l.a. 


1. 

1. 

f.-a. 

f. 

- 

- 

f.-a. 

f. 

f. 

0* — 

- 

0, 

o.-f. 

l.a. 

Blackstonia perfoliata 

Th 

































Rartsia odontites 

Th 

— 

— 

— 

— 

1. 

— 

— 

— 

— 

— 

— 

— — 

— 

— 

— 

— 

Beilis perennis 

11 

0. 

0. 

0. 

0. 

0. 

o.-f. 

— 

0. 

0. 

0. 

0. 

0. 0. 


0. 

o.-f. 


Brachypodiurn pinnatum 

H or Ch' 

— 



— 

_ 

— 

_ 

— 

— 

— 

__ 



— 

— 

l.d. 

B. silvaticum 

H 

— 

— 

1 

— 

— 

— 

1. 

— 

— 

— 

— 

— — 

— 

— 

1. 

— 

Briza media 

H 

f. 

0. 

o.-f. 

f. 

f. 

a. 

f. 

f. 

0. 

f.-a. 

f. 

f. o.-f. 

f. 

0. 

f. 

f. 

Bromus erectus 

H 

1. 

- 

- 

- 

1. 

0. 

- 

-• 

- 

I. 

1. 

_ - 

1. 

-- 

— 

d. 

B. mollis 

Th 
































Calluna vulgaris 

Campanula glomerata 

Ch 

_ 

— 

— 


— 

__ 

— 

__ 


— 

— 

_ — 

— 

0. 

— 


U 

0. 

— 

0. 

— 

0. 

f. 


— 

— 

— 

— 

r. — 

— 

— 

— 

— 

C. rotundifoTia 

H 

f.-a. 

o.-f. 

f. 

f. 

f. 

f. 

i.a. 

0. 

— 

f. 

f. 

0. f. 

0. 

f. 

f. 

f. 

Carex caryophyllea 

G 

0. 

0. 

f. 

o.-f. 

_ 

o.-f. 


— 

f.* 

0. 

f. 

0. 0. 

— 

0. 

f. 


Carex flacca (glauca) 

G 

a. 

v.a. 

v.a. 

a. 

f. 

f.-a. 

v.a. 

v.a. 

a. 

o.-f. 

f.-a. 

a. a. 

f. 

f. 

v.a.- 

a. 

















c.d. 


Carlina vulgaris 

H 

0. 

0. 

0. 

_ 

— 

0. 

0. 

_ 

r. 

_ 

0. 

~ 0. 

_ 

0. 

0. 

- 1 

Caucalis anthriscus 

H 

— 

— 

— 

— 


— 

— 

— 

~ 

0. 

— 

— — 

— 

— 

— 

— 

Centaurea nigra 

H 

1. 

__ 

o.-f. 

_ 

a. 

— 

_ 


__ 


0. 

f. 0. 

0. 

_ 


0. 

C. scabiosa 

H 

— 

— 

— 

— 

0. 

— 

— 

_ 



—1 



__ — 





_ 


Cerastium vulgatum 

Ciivsium acaule 

(;h 

1. 

0. 

_ 

_ 

1. 

_ 

_ 


_ 

_ 

— 

__ _ 

r. 


f. 

__ 

11 

f.-a. 

f.- 

a. 

a. 

f.-a. 

a.- 

v.a. 

v.a. 

a. 

f. 

a. 

a. n. 

a. 

f. 

f.- 

o.-f. 




v.a. 




v.a. 









l.a. 


C. arvense 

G 

— 

--- 

— 

— 

— 

— 

r. 

a. 

— 

— 



- I. 

— 

— 

— 

— 

C. lanceolatum 

11 

r. 

r. 





r. 













- 1. 









C. palustre 

H 

..... 







__ 



__ 


0. 






__ 







Clinopodium vulgare 

11 

1. 

r. 



— 



__ 


___ 

_ 

_ _ 

_ 

_ 



Crepis virens 

Th 

1. 

__ 

__ 

— 

— 

— 


— 


_ 

_ 




— 

__ 



Cynoglossum ollicinale 

H 

1. 


— 

— 

— 

— 



r. 

_ 

__ 

— 

_ 


_ 

— 

Cynosurus cristatus 

H 

— 

a. 

— 


o.-f. 

o.-f. 

1. 


— 

f. 


— 

1. 

_ 

0. 

— 

liactylis glomerata 

II or Ch' 

1. 

1. 

— 

— 

o.-f. 

0. 

— 



__ 

l.a. 

1. 

1. l.a. 

a. 

— 

l.a. 

a. 1 

Daucus carota 

11 

0. 

_ 

0. 



r. 

— 

0. 

_ 



1. 











Deschampsia caespitosa 

n or ih’ 

— 



_ 

_ 

_ 

— 


_ 

_ 

— 

— — 

f. 



_ 

1. 

Echium vulgare 

11 

— 

— 

— 

— 

— 

— 

— 


— 

— 

— 

— — 

__ 

— 

— 

— 

Erythraea centaurium 

Th 

— 

— 

— 

— 

— 

— 


— 

— 












Euphrasia nemorosa 

Til 

0. 

o.-f. 

f. 

f. 

0. 

r.-o. 

f.-a. 

o.-f. 


__ 

0. 

f. - 



f. 

0. 

0. 

Festuca elatior 

llorCh' 


_ 

__ 

__ 



__ 

— 

_ 

__ 











F. ovina 

n 

v.a. 

v.a.- 

f.-.a. 

a. 

a. 

f. 

v.a. 

v.a.- 

d. 

v.a. 

a. 

v.a. v.a. 

a. 

v.a. 

v.a. 

a.- ' 




d. 






d. 








s.d. 

F. rubra 

II 

— 

— 

— 

__ 

0. 

— 

— 

— 

— 

— 


— — 

— 

— 

— 


Filipendula bexapetala 

H 


























f. 

1. 



Fra|(aria vesca 

H 

1. 

__ 





















__ 



' r. 



Galium erectum 

H 

1. 

1. 



0. 









_ 





1. 1. 

0. 


0. 

— 

G. mollugo 

H 

]*. 

— 

— 

— 

0. 

__ 

— 

_ 








— 



G. verum 

H 

a. 

0. 

— 

— 

f. 

f. 

— 

— 

f. 

0. 

0. 

0. -f. — 

1. 

f. 

0. 

f. 

Gymnadenia conopsea 

G 

— 

— 

— 

— 

— 

— 

0. 

— 







_ 


' These tufted grasses, though classed by Raunkiaer as 
above the soil surface. 

hemicryptophytes, 

may, 

, in our climate, have perennating b 



A. G. Tansley and R. 8. Adamson 
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East-contral Downs 


Table I. 


Mount Caburri group 
east of Lewes 


Eastern Downs 


Maritime region 
extreme east 


N. 

N. 

N. 

N. N. 

N. 

N.N.W. 

.S..S.K. 

, N. 

N. 

— \ 

N. 

s. 

N. 

s. 


^ V.... 

.S. N. 

— 

N. 

S.K. 

Flat 

w. 

I'lat 

— ^ Occurrence) 

15- 

30- 

30- 

32- 37- 

22- 

30° 

30° 

35- 

30° 

30° 

23- 

23° 

18- 


10- 30° 

30- 

20- 


5° 


No. 

25'^ 

32° 

35° 

37° 40° 

24° 



37° 



28° 


32° 


15° 

32° 

24° 




of 

19 

20 

21 

22 23 

24 

25 

26 

27 

28 

26 

30 

31 

32 

33 

34 35 

36 

37 

38 

36 

40 

41 areas % 


f. ~ f.-a. o.-f. 

l.a. — a. — 


f. a. l.v.a. f. •' a..l.d. 


— — — l.v.a. 

0. f. i. *“ — 

v.a. v.a. a, a. v.a., 1 

I.d. 

~ f. v.a.- a. — a. 

(L; 


l.f. o.-f. 


f. V. f. f.-a. f. f. 

- r. 1. -• - l.a. 


— - f. — 0. — r. 

a. 0 ., 1. v.a. a. f. f. a., l.a. 

l.v.a. 


0 . 0 . 0 . 1 . 0 . 0 . 


().-f. - - 0. f. 

0 . f. f. f. 0 . a, 1.(1. — 


- 1. f. 0. 

l.a. 0 . (I. 0 . f. 


f, a. a. — 

a. a. a. u. 


a. a. a. r.-o. 


o.-f. f. o.-f. 

(1. (1. (!. f. 


r.-o. 1. a. a. 

o.-f. - f. -- 

O. 0. 0. — 

r. 0. — f. 

a. 0 . 1 . f.-a.f.-l.d. 


1. ~ f. _ f. - - 

f. v.a. a. f. f.-l.d. 1. r. f.-a. 

l.a. 0 . a. 1. 1. — — a. 1 


0. •— 0. 0. 0. f. — 

v.a. ()., 1. v.a. v.a. — a. a. l.a. 


f. v.a. ()., 1. v.a. v.a. — 

f. — f. — f.-a, 

0. 0. f. — 0. — 

f. l.a. - o.-f. i. o.-f. 


- f. 1. - 

— 0 . 0 . 0 . 


f. 0 . f.-l.a. v.a.- 
d. 


- 1 2 

l.a. 31 7(J 


f. f. f. f. a. 

I. - r. (1. f. 


0 . — — — o.-f. 0 . f.-v.a. 0 . 

- f.,l.a. f. 1. - f. - - 

— a. — l.a. — o. l.a. — 


f. 1. - - - f. 

— f. — 0 . 0 . a. 

0. f. — 0. — 0. 

1. a. v.a. v.a. f. a. — 

— — 1. — — v.a,- 

e.d. 

~ l.f. l.a. f. - l.a. 


— o. l.a. 

- l.f. ~ 


0 . 0 . — — 

l.a. a. f. -- 


4 

10 

22 

54 

5 

12 

28 

70 

2 

5 

12 

30 

4 

10 

2 

5 

9 

22 

31 

76 

39 

95 

28 

70 

1 

2 

2 

5 

26 

65 

8 

n 

20 

1 0 

39 

95 

25 

62 

1 

2 

1 

2 

5 

12 

27 

67 

21 

52 

41 

100 

22 

54 

2 

5 

27 

07 

2 

5 

1.5 

45 

40 

98 

11 

27 

7 

17 

2 

5 

3 

7 

4 

10 

2 

5 

15 

37 

29 

72 

15 

37 

13 

32 

1 

2 

2 

5 

24 

60 

4 

10 

39 

95 

8 

20 

13 

32 

9 

5 

18 

45 

fT 

0 

20 

65 

3 

7 
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Table I {contd.). 


Western Downs (mainly wooded) 

Extreme W. (Cocking Rap to River Arun) West-central Downs (River Aruii to River Adur) 




Aspect 

K. 

K. 

N.N.W. N. 

W. E. 

s. 

s. 

N. 

w. 

W.N.W 

N. 

N. 

N.W. 

N. 

K. 

N. 

8.E. 

Slope 


24- 

16^ 

18- 32° 

10° 10- 

22° 





18- 

22- 

32- 

15° 

27° 

27° 

5° 

Life- 

35° 


20° 

12° 






32° 

32° 

37° 






form 

1 

2 

3 4 

5 6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Gentians amarella 

Th 

0. 

r.-o. 

0, 0. 

o.-f. 0. 

_ 

— 

0. 


0. 

0. 

0. 


0. 

0. 

— 

— 

Dabenaria viridis 

G 

_ 

— 

__ 

— ■ r. 

_ 

— 

_ 

_ 

__ 

_ 

_ 

— 


— 

— 

— 

Helianthomum vulgare 

Oh 

— 

__ 

o.-Ld. -- 

1. - 

o.-f. 

— 

— 

— 

— 

1. 

— 

— 

1. 

— 

— 


Hieracium pilosella 

11 

l.a. 

La. 

f.- 0. 

0. 0. 

f.- 

v.a. 

0, 

f. 

f.-a. 

I.f. 

0, 


o.-f. 

f.-a. 

__ 

La. 





Ld. 


v.a. 












Hippocrepis comosa 

Holcus lanatus 

H 

H 

“ 

~ 

a.-Ld. - 

La. 1. 

— 


1. 

o.,L 

— 

1. 

1. 

— 

1. 

1. 


0. 

Hypericum perforatum 

H 



„ _ 

_ __ 






__ 

_■ 

__ 



— 


Hypochaeris radicata 

H 




— 

— 



__ 


__ 




_ 

— 

0. 

Koeleria gracilis 

H 

f. 

__ 

o.-f. 0 . 

o.-f. f.-a. 

o.-f. 

o.-f. 

— 

f. 

I.f. 

.... 

1. 

0. 

f. 

o.-f. 

0. 

f. 

Latliyrus pratensis 

H 

— 


— 


_ 

— 

— 

— 

_ 

„ 

— 

— 

__ 


— 

— 

Leontodon autumnalis 

H 

0. 


f. 0. 

— 0. 



0. 

0. 


0. 

0. 


0. 



f. 

L. hispidus 

H 

a. 

f.-a. 

f.-a. La. 

f. f.-a. 

v.a. 

f. 

o.-f. 

o.-f. 

f. 

a. 

f. 

0. 

0. 

f. 

0. 

0. 

lioucanthemum vulgare 

H 

0. 



0. 



_ 

— 

— 

0. 

0. 

_ 


0. 

— 

__ 

Linum anguatifolium 

Th or H 


— 

_ _ 


__ 

— 




_ 

~ 


__ 

— 

— 


L. catharticum 

Th 

0. 

o.-f. 

f.-a. f. 

f. o.-a. 

f.-a. 

0. 

f. 

0. 

f. 

f. 

f. 

— 

o.-f. 

f.-a. 

0. 

f. 

Listera ovata 

G 


_ 

r. ~ 

_ __ 

_ 

_ 

_ 





— 



__ 

__ 

_ 

__ 

__ 

Lolium perenne 

H 

_ 

1. 

.— — 

1. - 

— 

— 



_ 

— 

— 






Lotus comioulatus 

H 

a. 

a. 

f. f. 

f.-a. f. 

f.-a. 

a. 

f. 

f. 

a. 

0. 

f. 

a. 

f. 

a. 

a. 

a. 

LuKula carnpestris 

H 

— 

— 

_ __ 

0. — 

— 

— 

0. 


— 

__ 


— 

— 

0. 


— 

Medicare lupuliria 

Th 

f. 


0, 0. 

0 . o.-f. 

— 

0. 

_ 

— 

— 

f. 

0. 

0. 


— 

— 

a. 

Myosotis arvensis 

Th 

1. 

1. 

— 

— — 

— 

— 

— 1 

— 

— 

— 

— 

— 

— 


. — 


Ononis repens 

H 

I.f. 

— 

^ __ 

- f.,Ld. 


— 




— 


__ 


_ 


_ 

Ophiys apifera 

G 


_ 


— r. 

0. 

— 

— 

— 






— 

— 


Orchis maculata 

G 

— 

— 

— 

— 0. 























0. pyramidalis 

G. 

0. 

_ 







__ 










— 



— 





Origanum vulgare 

H 

1. 

— 

_ 

1. 1. 

0. 

_ 





__ 

__ 

— 

_ 

— 

1. 

Plileurn pratense 

H 

I.f. 

0. 

— n. 

0. 0. 

— 

— 

0. 

0. 

0. 

__ 




0. 

— 

f. 

Phyteuma orbiculare 

H 

— 

1. 

0. •— 

r. 0 . 

).,l.f. 

0, 

-- 


0. 

r. 



0. 


0. 

f. 



Picris hieracioides 

H 

_ 

_ 






















j. 

Pimpinella saxifraga 

H 

f. 

0. 

0. 0. 

f. 0. 

0. 

_ 

_ 

0. 

0. 

0. 

0. 

f. 

_ 

0. 

f. 

0. 

Plantago lanceolata 

H 

a. 

f.-a. 

f. f. 

v.a. f. 

f. 

0. 

f. 

f. 

f. 

a. 

f. 

f. 

a. 

a. 

a. 

f.-a. 

P. media 

H 

0. 

1. 

0., 1. — 

o.-f. o.-f. 

o.-f. 

0. 

1. 

0. 

0. 

f. 

0, 

0. 

r. 




0. 

Poa pratensis 

G 

__ 

_ 


0. 



— 

1. 

_ 

_ 

__ 

0. 



1. 

1. 

Polygala vulgaris 

H 

0, 

0. 

0. 0. 

- f. 

f. 

— 


— 

0. 

— 

— 


0. 

f. 





Poteritilla anserina 

H 

— 


— — 

_ — 

__ 



_ 




— 





I.f. 

P. erecta 

11 


__ 

__ 

r. 

1. 








_ 



f. 






P. reptans 

11 



__ 





_ 

__ 

_ 






_ 

La. 

Poterium sanguisorba 

11. 

a.- 


f. a. 

0 .- La. 

v.a. 


1. 

a. 

a. 

a. 

f.-a. 

o.- 

a. 

v.a.' 

f. 

l.a. 



l.v.a, 



l.v.a. 








l.f. 


c.d. 



Primula veris 

11 

1. 

r.-o. 

1. r. 

o.-f. f.-a. 

0., 1. 

_ 



0. 

0. 


0. 


I.f. 

f. 

1. 



Prunella vulgaris 

H 

0. 

o.-f. 

0 . o.-f. 

0. 


1. 

0. 

0. 

0. 

f. 

0, 

0, 

f. 


f. 

Ranunculus accr 

11 







_ 












„ 

r. 

0. 





R. bulbosus 

H 

0. 

0. 

0. 

a. o.-f. 

f. 

0. 



0. 




a. 


0. 

R. r(ipcns 

H 


r. 

— 0. 

_ 

— 




_ 











Rhinanthus crista-galli 

Th 






__ 


__ 

__ 

— 

__ 






0. 


Ri^seda lutea 

Thorll 

__ 


_ _ 

_ __ 











_ 



Rumex acetosa 

H 



0. 

— 0. 

o.-La. — 








__ 





0. 


o.-f. 

r, 


Scabiosa arvensis 

H 

0. 





r.-o. — 













_ 






S. columbaria 

H 

f. 

0. 

0. 0. 

0 . f.-l.a. 


0. 


f. 

f. 

f. 

f. 

f. 

0. 

0. 

f. 

f. 

8. succisa 

IT 

0. 

La. 













( 

).-f. 











Senecio carnpestris 

H 

_ 


_ 


_ 

— 

— 















(Oineraria integrifolia) 

S. jacobaea 

IT 

r. 

0. 


0. 0. 



f. 




r. 

r. 

0. 




Sieglingia decumbens 

11 


— 

__ — 


1. 











0. 





Souchus oleraceus 

Th 

__ 

— 

_ _ 





















Spiranthes autumnalis 

H 

0. 

__ 
























Tamus communis 

G 












_ 


_ 

_ 

_ 

r. 

__ 




Taraxacum erythrospermuin 

H 

0. 

_ 

— __ 

_ „ 

0. 















0, 



T. officinale 

H 

0. 

__ 



0. ~ 


0. 














r. 


Thesium linophyllum (hurni- 

G 



— „ 

__ __ 



__ 

— 

_ 


— 

__ 






fusum) 

Thymus serpyllurn 

Ch 

a. 

a. 

a. f.-a. 

1. o.-l.f. 

o.-a. 

f.-a, 

f. 

0. 

a. 

f. 

0, 

0, 

f. 

a. 

0, 

a. 
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Table I { contd .}. 

^iiistorri Downs 


East-central Downs Mount Cabum group Fii*le Maritime region 

(River Adur to River Ouse) east of Lewes I'egiun extreme (^ast 





— 


A_ 




r 

> /■ — 

A ^ 

r — - 

A__ 

— _ 

— \ 

Occui 

Tences 

"1 N. 

•i! li>“ 

N. 

30- 

32° 

N. 

30- 

35° 

N. 

32- 

37° 

.N. 

37- 

40° 

N. 

22- 

24° 

N.N.VV.S.S.K. N. 

30° 30° 35- 
37° 

N. 

30° 

N. 

30° 

S. N. S. 

23- 23° 18- 
28° ■ 32° 

Flat s. 
10- 
J5° 

H. N. 

30° 30- 
32“ 

s.E. Flat 
20- 
24° 

w. 

5” 

Flat 

S. 

of 


^ 19 

20 

21 

22 

23 

24 

25 26 27 

28 

29 

30 31 32 

33 34 

35 36 

37 38 

39 

40 

41 

areas % 

1 — 

__ 

— 

0. 

0. 

0. 

_ .. . 


— 

..._ _ „ 

__ 

0. — 

_- ..._ 


__ 

~ 

16 

40 


— 

— 

— 

-- 


— — — 

— 

— 

— — — 

— — 

— 

— ■ — 

■— 

— 

__ 

1 

2 




— 



- f.,l.(l. - 

— 

— 

_ „ 

__ — 

_ __ 

__ 

— 

_ 

— 

6 


'fi; _ 

— 


0. 

a. 

l.a. 

— a. — 

— 

-- 

L-l.a. -- f. 

a. f. 

l.a. 1. 

l.a. v.a. 

a. 

a. 

0. 

31 

7G 

1 1..I. 

__ 

_ 




0 . a.-d. — 

_ 

__ 

v.a. f. l.a. 

— l.a. 

1. 1. 

l.a. - 

v.a. 


l.a. 

14 

35 

t <’• 

l.a. 

0. 

— 

1. 

1. 

- - l.a. 

a. 

l.a. 

1. _ 

— 1. 

o.,l.a. - 

~ — 

— 


— 

19 

47 

f — 

— 

— 


1. 

— 

_ _ 1. 

— 

...... 

— 1. — 

— 

- l.f. 

— — 

— 



4 

10 

— 

__ 


__ 

_ 

__ 

_ _ _ 

— 


™ _ — 

_ _ 

__ 

_ _ 

— 

— 

— 

1 

2 

^ frii. 

f.-a. 

0. 

a. 

1. 

f. 

0. -- l.a. 

0. 

a. 

— — a. 

o.-f. ~ 

f. l.f. 

f. f. 

f. 

0. 

f.-a. 

34 

85 

— 

— 

— 

— 


— 

— — — 

— • 


— — — 

— 

— r. 

— 


— 

— 

1 

0 

— 

— 


— 

— 

0. 

— — 

— 

— 

— — 

— — 

— 

_ — 

, — 


— 

12 

30 

0. 

0. 

1. 

f. 

a. 

f. 

— a. — 

l.a. 


o.-f. a. f. 

.... _ 

a. f.-l.a. 

f. f. 




33 

80 


— 

— 

0. 

— 

■— 

— — — 

— 

•— 

— — f. 

— — 

— — 

— 

— • 

— 

*— 

7 

17 

— 

— 

— 

— 

— 

— 

— — 

— 

— 


— — 


— — 



r.-o. 

1 

2 

0. f, 

f. 

1. 

f. 

f. 

f. 

o.-l.a. f.-a. 0 . 

— 

f.-a. 

f.-a. 0 . a. 

v.a. v.a. 

f. f. 

f. - 

f. 

a. 

f. 

38 

93 



r. 

— 

— 

.... 

— “ 

— 

— 

— — 

__ _ 

— - 

— 

— 

— 

__ 

2 

5 



— 

— 

— 

— 

— 

— 

— 

— — 

— — 

— 

— _ 



_ 

0 

5 

f. 

f. 

0. 

0. 

a. 

o.-f. 

0. — 0. 


a. 

— - 0. 0. 

f. 

f. 0. 

a. a. 

f. 

a. 

f. 

37 

90 

f. 

— 

0. 



0. 

_ 


.... 

______ 


— _ 

_ 

__ 

__ 

_ 

G 

15 

— 

f. 

— 

f. 

— 

0. 

— — — 

— 

f. 

- l.f. - 

— — 

0. 0. 

0. 

0. 

— 

0. 

20 

50 

— 

— 

— 

— 

— 

— 

- -- o.,l. 

— 

1. 

— r. — 

__ — 

- l.f. 

— 

— 



G 

15 



— 

— 

■— 


— 0. 



l.a. - l.a. 

__ .._ 

- 1. 

l.a. 

— 


— 

7' 

17 

: 

— 


— 

■— 

— 

- r.~o. — 

— 


0., 1. • - - 

— 0. 

f. - 

_ _ 

_ 


_ 

G 

15 

i' ~ 





0. 

— ' - — 

— ■ 

r. 

— — 

- . ~ 

__ 



_ 



3 

7 

li r. 

— 

— 

— 

.... 

— 

— . — __ 

— 

— 

— 


— 

— 

— 

— 

— 

t) 

5 




— 

— 


__ _ 

_ 


.... o.,l. - 


__ 

__ 

_ 


_ 

G 

15 

1' •— 



__ 

__ 

_ 

— - 

— 

_ 

- 0. 


- 1. 

0, 

__ 


_ 

13 

32 

! »■ 

f. 

0. 

f. 

a. 

f. 

o.-f. 0 . — 

— 

r. 

o. f. 0 . 

0. 

f. 1. 

0. 0. 



— 

— 

28 

70 

? r. 


— 

— 

— 

— 

- - — 

— 


0 . r. ~ 

— — 

__ 

— 

— 


— 

4 

10 


a. 

0. 

a. 

f. 

o.-f. 

f. o.-f. a. 

a. 

0. 

o. f. l.a. f. 

f.-a. - 

f. a. 

f. u. 

__ 


__ 

34 

85 

1 f. 

a. 

f. 

f. 

0. 

f. 

0 . f. a. 

a. 

f.-a. 

f.-a. f. f.-a. 

f.-a. f. 

f. f. 

a. a. 

f. 

f. 

f. 

■11 

100 

S l.f. 


— 

0. 


0. 

— r.-o. 

0, 


o. — a. 

0. 

0. 0. 

0. 0. 

0. 

II. 

f. 

30 

71 

i 0. 

— 

v.a. 

— 

— 


— 

0. 

. — 

0, — 

— — 

0. 0. 

— 

— 


— 

11 

27 

! id. 


u. 



0., 1. 

0. o.-f. 

...., 

0. 

f. ..... 

r. 0 . 

_ 

r. r. 

f. 

— 

(1. 

22 

51 



— 

..... 

-- 


—■ 

— 

_... 

— — 


— 

— 


— 

— 

"l 

2 



— 


— 

-- 

— 



— 

— 


- - 


__ 

— 

3 

7 

— ■ 


— 


— 


.... 

— 


.. ._ 

— 

— 

_ 

— 


— 

1 

2 

v.a.- 

e.d. 

ii. 

v'.a. 

f. 

f. 

a. 

a.- a. l.v.a. 
1.(1. 

a. 

a. 

a.~ v.a. a. 

v.a. 

v.a. v.a. 

f. l.a. 

a, v.a. 

a. 

a. 

v.a.- 

('.(]. 

3!) 

95 

o.-l.a. 

. (1. 


— 



— 

0. 0., 1. 

0. 

1. 

_ f. 

- o.,l. 

r. 1. 

... 

0. 



24 

(M) 

0. 

f. 


f. 

f. 

f. 

- 

a. 

f. 

__ 

.... . 

f. <1. 

0. f. 



— 

2G 

1 

G5 

0 

II. 

-- 


(». 



o. r. l.f. 


f.-a. 

0. 0. 

v.a. a. 

0, 


0. 

1. 

f, 

2G 

G5 


— 

— 


— 

— 

— - 

— 

— 

— 


— — 

— 


— 


2 

5 

— 

- 


- 

j.f. 

— - 

_ — ._ 



— 0. — 

__ __ 


r. — 

— 


— 

4 

10 


..... 

— 

— 

— 

— 

— . 

— 


— — 

__ . — 







1. 

— 

1 

«) 

0. 

0. 

1). 



0. 

0. - l.f. 

0. 

l.f. 

f. 


0., 1. (». 

__ 


— 

— 

17 

42 

— 

— 

1. 


.... 

0. 

f. „ 


— 

. — — — 

_ 










5 

12 

0, 

a. 

0. 

a. 

f. 

a. 

0 , — l.a. 

l.a. 

f. 

f. f. f. 

0. 0. 

f. f. 

0. 0. 

0. 


0. 

37 

90 

1. 

o.-f. 

0. 

— 

— 

o.-f. 

■- 

- - l.a. 

0. 

0. 

0. f. - 

_ __ 

f, 0. 

__ 

__ 

— 


13 

32 



— 

_.... 

— 

0., 1. — ■ — 

—■ 

0. 

_______ 


— — 

__ 

f. 

a. 

__ 

5 

12 

0. 



r. 

_ 

__ 

__ _ 

0. 



“ 0. — 

()., 1. — 

r. ~ 

. 0. •“ 



__ 



15 

37 



— 

— 

— 

— 

— ™ — 

— 

— 

______ 


_ _ 

_ 

— 


— 

0 

5 


— 

0. 

— 

— - 

— 

— — r. 

0. 

0. 

_ — _ 

_ 

- l.a. 

__ 

_ 

_ 

0. 

G 

15 

— 

— 

— 

— 


— 

_ 



— — r. 

_ _ 

_ _ 

0. — 


__ 

_ 

3 

7 

— 

■— 

— 

— 

— 

— 




— _ 

_ _ 

_ _ 


— 


— 

1 

2 


— 


— 

— 

-- 

— — — 

— 

— 

_____ 

r.-o. — 

__ __ 


__ 

— 


4 

10 

r. 


— 

— 

r. 

— 

— — 

— 

— 

— — — 

— — 

. — 

— 


— 

— 

7 

17 

— 

•- 


_ 

— 

— 

— — . — 

-- 

— 

_ _ _ 

_ _ 

_ 

0. — 

0. 

0. 

— 

3 

7 


•a- - a. a. f. o. f. 1. 1. f. f. 1. l.a. f. o.-f. f. l.a. 1. v.u. f. a. o. 40 

2-2 


0 . 


98 
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Table I (contd.). 





Western Downs (mainly woc(led) 
Extreme W. (Cocking gap to River Arun) 

West-central Downs (River 

Arun to River Adur) 


Aspect 


. E. E. N.N.W. N. 

W, E. S. S. 

N. 

W. W.N.W, 

. N. 

N. 

N.W. 

N. 

N. 

N. 

.S.E. 


Slope 


. 2‘1- W 18- 32'’ 

10*’ 10- 22 ’ 



18- 

22- 

32- 

15° 

27° 

27° 

6° 



Life- 

35'’ 20'’ 

12° 



32° 

32° 

37° 







form 

12 3 4 

5 6 7 8 

9 

10 11 

12 

13 

14 

15 

16 

17 

18 

Tragopogon minus 


H 

_ ... _ „ 

_ ™ _ „... 


_ _ 


— 


__ 

..... 

0. 

- 

Trifoliurn pratense 


H 

f.-l.a. r).-f. — 0 . 

0. 0. 0. — 

0. 

0. 0, 

0. 

f.-a. 

f. 

f. 

0. 

0. 

a. 

T. procumhens 


Th 

-- — — — 

— — — - 

— 

— — 


— 

_ 

_ 

_ 

“ 

0. 

T. repens 


11 

— (t.-l.a. — — 

0. — — ■ — 

— 

0 . o. 

. — 

■ — 

— 

— 

f. 

— 

0. 

Trisetum flavescens 


11 

f. - 0. 0. 

f. f. - - 

f. 

f. 0. 

— 

f. 

a. 

o.~f. 

f. 

f. 

v.a. 

Tussilago farfara 


G 

— -- — 

______ 

„ 

_ _ 


_ 

_ 

— 

— 

— 

— 

Verbena oflidrialis 


H 

— — — 0^ 

— — 

— 

_ 

— 

— 

— 

— 

— 

— 

— 

Veronica chamaedrys 


Ch 

0. - 0. 

1. u. - 1. 

_ 


_ 

0. 

0. 

0, 

0. 

— 

1. 

V. otlicinalis 


(Ai 

_ — 

______ 

_ 


_ 

— 

_ 

f. 

1. 


r. 

Vicia cracca 


H 

_ 

™ — — „ 

_ 

_ _ 


— 

— 

— 

_ 

o.-f. 

“ 

Viola liirta 


U 

1. f. U. 1. - 

_ 1. „ _ 

_ 

- l.f. 

__ 

0, 

_ 

f. 

l.f. 

_ 

— 

V. riviniana 


H 

- 0. - f. 

— — 

_ 

_ 

_ 


_ 

0. 

r. 

_ 

__ 

Flowering plants 126 














Bryophytks 
Barbula cylindrica 
Bracliythecium pimim 
Camptotheciuin lutescms 
Dicranum scopariuin 
.Fiasidens adiaiitoidos 
F. taxifolius 
Hylocomium splendena 
H. ac^uarrosum 
11. triquetrum 
Hypriurn chrysopbyllum 
H. cupressiforrne var. olatuni 
H. cuspidatuiTi 
H. niolluscum 
Mnium und datum 
Neckera criapa 
Bhacomitrium lanuginosum 
Seli^eria calcarea 
Thuidium abiotiiium 
T. tamarisciiium 
Frullaiiia tamarisci 
Scapaiiia iiernorosa 

Bryophytos 21 

Lichens 

Cladonia fimbriata -- — l.a. — l.a. 

(b silvatica — l.f. — l.a. — 


Collema sp. — - — (». — 

Teltigerasp. -- — o. — 


Lichens 4 

Total species 151 

74 

68 50 

52 64 56 38 

21> 36 41 

45 45 

44 40 

51 

58 

39 

Soils 










Depth of sample 

1-4" 

0-2" 

_ 0-5" - — 

_ 0-2" - 

— 0-3" 

- 0-2" 

0-2" 

0-2" 

0-2" 

Hydrogen-ion concentration (pH) {| 

7-4 

_ 7.4 

~ 6-9 — — 

- 7-2 - 

- 7-8 

_ 7.G 

7'2 

6-9 

6-5 

Water loss at 100° C. 

5-5 

- 6-2 

_ 7.4 .... _ 

- lO-O - 

- 5-4 

- 6-2 

7-6 

7-7 

5*8 

Loss on ignition (mainly organic matter) 

205 

- 25 0 

— 320 — — 

- - ,3H-2 - 

- 17-3 

-- 28-2 

30-6 

31-6 

24-0 

CaO 

17A 

- 27-4 

„ iM _ _ 

_ 2-4 - 

- 33-7 

- 30-2 

1-9 

21-7 

25-7 

Lime as CaCOj 

:iM 

_ 49-0 

_ 19.8 _ _ 

_ 4-3 -• 

_ GO-1 

- 53-9 

3-4 

38-8 

45*9 

MgO 

0‘19 

- 0*32 

- 0-35 - ~ 

- 0-34 — 

- 0-31 

- 0-22 

0-58 

0-29 

0*20 

K,0 

0-21 

- 0-58 

_ 0-20 - - 

- 0*36 - 

- 0-26 

- 0-17 

0-34 

0-31 

0-16 


II The d<^terminatio«8 were rmide by the ele<-tricid method. 5 gr. soil were ground up and shaken witJi 50 c.c. ^ saturated KCI and 
liltered. 


ii. a. a. f. f. l.a. o. f. a. 

f. a. a. 0 . 0 . ~ — v.a. — 

— f.~a. a. l.a. v.a., — — o. • — 

— (). — — — 0 . o.-f. — i. 0 . 

— l.d. -- v.a. — — — — 

0 . a.-l.d. l.a. f.-a. o. — — ~ l.a 

— l.a. a. l.a. a. — — — — f. 

— 0 . — — — — — — — 

™ 0. f. I. f. _ _ - _ 

1. f. 0. - 0. f. f. — — _ 


- - O.-La. - l!a. _ - ~ _ 


f. a. a. a. f. a. a. l.a. — 

— a, i. — — ““ a. — v.a. 

— — — l.a. l.a. v.a. v.a, l.f. — 

0. — a. 0, 0. l.f. l.a. ■— a. 

— l.f. l.a. a. v.a. l.a. a. l.a. — 


- - l.a. - f. 0. - _ f. 
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Table I {amid.). 

Eastern Downs 


East-central Downs 


(River Adni* to River Ouse) 


r~ 

N. 

N. 

N. 

N. 

N. 

N. N.N.W. 

S..S.1 

:. N. 

N 

N. 

5-25° 

30- 

30- 

32- 

37- 

22- 30° 

30° 

35- 

30° 

30° 

19 

32° 

20 

35° 

21 

37° 

22 

40° 

23 

24° 

24 25 

26 

37° 

27 

28 

29 

r. 

— 

— 

— 

r. 

__ 



r. 


f. 

f.-a. 

0. 

a. 

0. 

0. 0. 

— 

0. 

0. 

0. 

0, 

0. 


0. 


0. — 

_ 




f. 

a. 

— 

a. 

l.a. 

a. 0 . 


f. 

— 

l.a. 

— 

— 

_ 

— 

1. 


— 

— 

— 

— - 

— 

— 

— 

— 

— 

_ _ 

— 


— 

— 

1. 

0. 

— 

~ 

— 

f. 0. 

— 

o.,l.a 

. — 

0. 

— 

0. 

— 

~ 

— 

— 0, 

— 

— 

— 

0. 

r. 

~ 


— 

__ 

r. — 

_ 


__ 

— 

(1. 

0. 

— 

— 

0. 

— — 

— 

0. 

0. 

l.f. 

— 

— 

— 

0. 

o.-f. 

0 . r.-u. 

— 

r. 

0. 

— 


I — — \ 

iMount C'aburn group Firle Maritime region 

east of Lewes region extreme (iast Oecur- 

^ A*-, ^ ^ ^ f — ^ rences 

s. N. s. Flat s. N. N. s.K. Flat w. Flat s. 

23-^28“ 23“ 18- 10- 30“ 30- 20- 5“ No. 

32“ 15“ 32“ 24° of 

30 31 32 33 34 35 36 37 38 39 40 41 areas% 



5 12 

0 , 0 . 0 . 0 . f. r. 0 . — e. 30 87 

0. — — — — 0. — 0. 14 35 

- - f. 1. f. 0. - - - 28 70 

- -- - - - - - - _ 12 

- - -- l.f. - - - - 18 45 

4 10 

- - 0. l.f. 0. r. - ~ _ 19 47 

11 27 


— • 0 . f. l.a. — — 

l.a. 1. - I. 1. l.f. 


a. a. a. 


f.-l.a. a. — 

f. f. 0. 

a. v.a. f. 


0. 


- *o!’ f.-l.a. f. 
a. l.a. v.a. a. 

l.f. - l.f. - 

- f. l.a. - ~ 


a. f.- a. a. 
a. a. a. 



% — 
0 . 




f. 


0 . 


— 0 . 
f. f.-a. 
- f.-a. 
1 . - 


v.a. l.a. f. — 
f. l.a. - 1. 
l.a. - - - 


- l.f. 
l.f. 

l.a. - 



'C 

& 

o 

c 


a. — 
f. — 
v.a. l.a. 


o 

c 


o 


0- 

tTi 


0 

'A 


- l.a,. 


l.a. 


% 


6 

c 

o 


A 


1 2 
33 82 
17 42 
17 42 
1 2 
11 27 
^ 16 40 

J 24 GO 

0 23 50 

® 1 2 

® G 15 

1 14 35 

I 6 15 

a 1 2 

0 15 

1 2 

1 2 
2 5 

2 5 

3 7 

2 5 


(I. 0. — — — — 4 10 


(io 48 

10 11 

5G 58 37 

20 48 

42 53 34 

58 

40 

34 20 57 

59 

50 

24 

29 23 31 

# ' 

0-3" _ 

O-l" 0-3" 

t 

- 0-2" 

1 ^ 1 ^ 
~ 0-4" 0-4" 0-2" 0-3" 



0-4" 0-3" 0-4" 


0-2" 


0-4" O-O" 0-4" 

7-2 7-9 ~ 

7-8 7‘9 

- 74) - 

~ 741 

-- 74) 7-0 7-6 7-3 


_ 

7-0 7*6 74 

~ 

O'l 


745 7 45 8-2 

13‘7 12-9 - 

lO’O 5’8 

- 8-8 - 

- 7-0 

- 1-3 7-3 lO'O 8-3 

— 


13-0 94 3-7 

— 

5-3 


045 8 4 ) 0'2 

42-6 39-() - 

32-0 23*0 

- 294 - 

- 23-5 

- 29-3 23-5 474 29-0 

_ 


39-8 32-7 1145 

— 

2445 

_ 

224) 22-7 104 

3*3 t.9 -- 

ir)'5 32-0 

m - 

^ 174 

- 25-8 20-7 17-5 20-7 


— 

7-5 9'3 37-9 

_ 

20-0 


20-7 174 4-0 

5*8 8-8 — 

27-0 58-2 

- 35-3 - 

- 314) 

- 404 37-0 3D3 47*7 

— 


13-1 10-0 67-8 

_ 

35-7 

__ 

4745 30-5 7 ‘2 

0-77 (E70 - 

04)2 0-51 

~ 0-51 ™ 

- 0-34 

- 04 042 0*45 0-61 

— 

— 

0-50 0*41 0-44 

— 

0-35 

__ 

0-32 0-35 0-08 

0'35 0-49 - 

0-33 0-28 

- 0-29 - 

- 0-20 

- 0-25 0-29 0-25 0-32 

— 

— 

0-27 0*37 0-23 

— 

042 

_ 

0-29 O'lO 0-01 


* Soil from mole heap (luminated by Fesiuca rubra and Thymus serpyllum. t Soil from mole heap with Fesiuca rubra. 

I 1921. § 1923. 
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Table II. 




Chalk Heaths 



Heaths 

^ A 

r 

A 

B 

C* D 

E 

F 

f 

a b 


Achillea millefolium 

f. 

f. — a. 

— 

f. 

a. 

f. 

f. 

f. 

Agrimonia oupatorium 


— 

1. 

— 

— 

— 

— 

— 

Agrostis alba 


o. 

a. 

— 

— 

— 

La. 

f. 

A. tenuis 

f. 

v.a. 

La. 

o.^ — v.a. 

v.a. — d. 

f.— La. 

o.^ — f. 

f. 

Aira ])raecox 


1. 

___ 

— 

— 

— 

— 


Anth ox ant hu rri ( >d< jra turn 


— 

_ — 

f. 

l.a. 

a. 

o. 

...... 

Anthyllis vulneraria 


— 

l.a. 

o. 

. — 

o. 


....... 

Arenaria sorpyJlifolia 


— 

— 

o. 

o. 

— 

— 

— 

Asperula cynanchica 

o. 

o. 

o. 

a. 

f. 

o. 

— 

— 

Avena ])ratensis 


— 

o. 

f. 

— 

— 

, — 


A. pubescens 

— 

l.a. 

l.a. 




— 

— 

Beilis pereiinis 

o. 

l.f. 

o. 

f. 

f. 

La. 

— 


Braehypodium pinnatum 

--- 

— 

l.d. 

— 

1. 

l.d. 

— ■ 

l.d. 

B. silvaticum 

— 

1. 

1. 

— 

— 

— 

1. 

— 

Briza media 

o. 

— 

— 

o.—f. 

f. 

f. 

— 

— 

Bromus eroctus 

- — 

— 

1. 

— 

— 

— 

— 

__ 

B. mollis 

— 

— 

1. 

— 

— 

— 

— 

— 

Calluna vulgaris 

o. 

f. 


a. 

o.~ -f. 

f. 

La. 

La. 

Camjjanula glomerata 

— 

— 

— 

— 

— . 

— 

o. 

— 

C. rotuiidifolia 

f. 

a. 

— 

f. 

f. 

— 

f. 

f. 

Carex caryoj)hyllea 

a. 

a. 

— 

f. 

f. 

o. 

— 

o. 

C. flacoa 

a. 

l.a. 

— 

f. 

o. 

o. — f. 

La. 

r. 

(1 pilulifera 

— 

— 

— 

— 

— 

— 

La. 

o. 

C^arlina vulgaris 


— 

o. 

— 

o. 

o. 

— 

— 

Centaurea nigra 


— 

r. 

o. 

— 

— 

— 

o. 

Corastium viilgatum 

— 


— 

o. 

f. 

— 

— 

— 

Cirsium acaule 

f. — a. 

f. 

o. 

o. 

f. 

f. - a. 

La. 

— 

C. arvense 

— 

— 

o. 

— 

r. 

— 

o. 

J. 

C. lanceolatum 

— 

— 

r. 

— 

r. 

— 

— 

— 

(X palustre 

o. 

o. 

— 

— 

— 

— 

o. 

o. 

CUnopodium vulgare 


— 

— 

— 

— 

— 

r. 

— 

Crepis vircns 


o. 

f. 

— 

— 

— 

— 

— 

CynosuruB cristatus 


- - 

1, 

f. 

v.a. 

o. 

— 

— 

Hactylis glomerata 


■— 

f. — a. 

1. 

— 

f. 

o. 

— 

Daucus carota 

— 

— 

o. 

r. 

— 

1. 

— 

— 

Hoschampsia caespitosa 

— 

— 

— 

— 

1. 

o. 

— 

— 

Erica cinerea 

— 





o. 

a. — d. 

d. 

Euphrasia nemorosa 

o. 

o. 

o. 

— 

— 

f. 

o. 

— 

Eestuca ovina 

a. 

v.a. — d. 

a. 

a. 

v.a. 

a. 

a. 

f.— Li 

Eilipendula hexapotala 

— 

— 

— 

a. 

— 

o. 

— 

1. 

Eragaria vesoa 

I. 

— 

— 

o. 

— 

— 

l.f. 

— 

Galium mollugo 

o. 

— 

— 

— 

— 

— 

— 

— 

G. saxatile 

— 

o. — f. 

— 

— 

— 

— 

— 

o. 

G. verum 

f. 

o.— f. 

1. 

f. 

— 

o. 

f. 

— 

Gentiana amarella 

o. 

— 

— 

o. 

— 

— 

— 

— 

Helianthemum v ulgarc 

— 

— 

— 

— 

— 

— 

1. 

— 

Hieracium pilosella 

a. 

f. 

l.v.a. 

f. 

l.a. 

— 

1. 

— 

Hippocrcpis comosa 

— 

— 

— 

f. 

— 

— 

— 

— 

Holcus lanatus 

1. 

1. 

L 

l.a. 

l.v.a. 

o. 

Lf. 

— 

Hypericum perforatum 

— 

— 

— 

— 

— 

— 

Lf. 

— 

H. pulohrum 

— 

— 

— 

— 

— 

— 

o. 

o. 

Hypochaeris radicata 

— 

— 

, — 

— 

— 

— 

o. — f. 

r. 

Inma squari’osa 

— 

— 

o. 

— 

— 

— 

o. 

— 

Koeleria gracilis 

— 

— 

f. 

f. 

— 

— 

— 

— 

Leontodon autumnalis 

f. 

f. 

o. 

f. 

o. 

f. 

o. 

— 

L. hispidus 

f. 

f. 

o. 

l.a. 

— 

— 

o. 

— 

Linaria vulgaris 

— 

— 

r. 

— 

— 

— 

— 

— 

Linum catharticum 

f. 

o. 

a. 

a. 

o. 

f. 

— 

— 

Lotus comic ulatuB 

a. 

a. 

a. 

o. 

a. 

a. 

a. 

f. 

Luzula campestris 

o. 

f. 

— 

— 

o. 

— 

— 

— 

Medicago lupulina 

— 

— 

a. 

f. 

— 

o. 

. — 


Origanum vulgare 

— 

— 

1. 

— 

— 

— 

— 

— 

Phleum pratense 

o. 

— 

1. 

— 

— 

— 


— 

Phyteuma orbiculare 

— 

— 

— 

o. 

— 

o. f. 

— 

— 

Pimpinella saxifraga 

— 

— 

o. 

— 

o. 

o. 

o. 

o. 

Plantago lanoeolata 

f. — a. 

a. 

a. 

a. 

a. 

a. 

f. 

— 


* This area is not a chalk heath but is situated on the plateau adjacent to chalk heaths and 
is included for comparison. Possibly it has been recently ploughed: see the soil analysis. 
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Table II {conid.). 








Chalk Heaths 



Heaths 


A 


a* 

D 

E 

F 

a 

h 

Plontago modia 

__ 


0 . 

___ 

— 


— 

— 

Poa pratensis 

— 

— 

l.a. 

— 


— 

— 

— 

Poly gala vulgaris 

— 

t>. 

— 

f. 


0 . 

— 

— 

Potentilla auserina 


— 

l.a. 

— 

— 

— 

— 

— 

P. orecta 

0 . 

f. 

— 

0 . 

— 

— 

a. 

— - 

P. reptans 

r. 


— 

a. f. 

— 

— 

— 

— ■ 

Potcrium saiiguisorba 

l.f. 

1 . 

l.f. 

— l.a. 

a. 

l.a. 

l.a. 

Prunella vulgaris 

0 . 

0 . 

f. 

0 . --f. 

f. 

- — 

f. 

— - 

Ranunculus bulbusus 

— 

— 

f. 

0 .— f. 

0 . 

0 . 

— 

— 

Rumex acetosa 

r. 

f. 

— 

— 

f. 

0 . 

0 . 

0 . 

Scabiosa arvensis 

— 

— 

— ■ 

— 

— 

— 

0 . 

— 

fc). columbaria 

— 

— 

f. 

0 . 

0 . 

0 . 

— 

— 

8 . sucoisa 

— 

— 

- 

0 . 

— 

— 

l.a. 

— 

8 onooio jacobaca 

— 

0 . 


— 

0 . 

— 

• 1 . 

0 . 

8 icglingia decumbcns 

— 

— 

— 

l.a. 

■ — 

1 . 

— 

u. 

8 ilone cucubalus 



0 . 

— 

— - 


— 

— 

Stachys (Botonica) officinalis 

— 

— 

— 

— 

— 

— 

l.a. 

f 

Taraxacum erytlirospermum 

■ — 

— 


0 . 



— 

— 

T. officinale 

0 . 

0 . 

— 



— 

— 

— 

Touorium scorodonia 

— 

— 

— 

— 

— 

— 

l.a. 

— 

Thymus serpyllum 

a. 

f. 

f. 

f. — a. 

a. 

f. 

f. — a. 

1 . 

Tri folium pratcnso 

— 

0 . 

f. 

f. 

a. 

0 . 

0 . 

— 

T. procumbens 

— 

— 

f. 


— 

— 

— 

— 

T. ropens 

— 

l.a. 

0 . 

a. 

v.a. 

— 

— 

— 

Trisotum llavosoens 

— 

— 

v.a. — d. — 

f. 

0 . 

— 

— 

Ulox nanus (minor) 

— 

— 

— 

— 

— 

— 

— 

a. 

Valeriana officinalis 


r. 

— 

— 

— 

— 

l.f. 

— 

Verbcma officinalis 

— 

— 

— 

l.a. 

— 

— 

— 

— 

Veronica chamaedrys 

— 

0 . 

— 

0 . 

— 

— 

0 . 

— 

V. officinalis 

f. 

0 . 


1 . 

— 

— 

0 . 

— 

Viola hirta 

— 

— 

— 

1 . 

— 

— 

l.f. 

— 

V. riviuiana 

0 . 

l.a. 

— 

— 

— 

0 . 

f. 

0 . 

Mosses 









Barbula cylindrica 

— 

— 

• — 

— 

— 

— 

— 

1 . 

Brachythecium purum 

a. 

il. 

— 

a. 

a. 

— 

a. 

a. 

B. rutabulum 

— 


1 . 

— 

— 

— 

— 

— 

Bryum capUlare 

— 

■ — 

— 

— 

1 . 

— 

— 

— 

Camptothecium lutcsccns 

l.a. 

f. 

— 

— 

v.a. 

0 . 

— 

— 

Oatharinea undulata 

— 

l.a. 

— 

— 

— 

— 

— 

— 

Ccrat<jdon purpurous 

— 

— 

■ — 

— 

— 

— 

1 . 

f. 

— 

Dicranum scoparium 

v.a. f 

. — a. 

— 

l.a. 

1 . 

1 . 

— 

Hylocomium splendens 

1 . 

f. 

— 

— 

— 

— 

— 

— 

— 

H. squarrosum 

l.a. 

— 


f. 

0 . 

— 

1 . 

H. triquetrum 

l.a. 

l.a. 

— 

— 

— 

0 . 

— 

— 

Hypnum cupressiforme var. datum 

0 . 

-- 

— 

— 

— 

— 

— 

— 

H. cupressiforme var. ericetorum 

— 

l.a. 

■ — 

— 

— 

— 

a. 

l.a. 

H. cuspidatum 

— 

0 . 

— 

— 

0 . 

0 . 

— 

— 

Poly trichum juniperinum 

Thuidium tamariscinum 

— 

— 

— 

— 

— 

— 

l.a. 

— 

— 

— 

— 

— 

- — 

— 

f. 

— 

Lichens 









Cladonia fimbriata 

l.f. 

1 . 

f. 

— 

— 

f. 

0 . 

— 

C. silvatica 

l.a. 

— 

— 

— 

— 

— 

f. 

— 

Cladonia sp. 

l.a. 


— 

— . 


— 

— 

— 

Peltigera sp. 

— 

— 

— 

— 

— 

— 

0 . 


Total species 118 

45 

50 

53 

53 

44 

40 

57 

32 

801 LS 




- ' . 





Depth of sample 

0-4" 


0-4' 

' 0-2" 0-4" 

— 

0 - 6 " 

0-4" 

0 - 8 " 

pH 

6-9 


7-4 

00 6-5 

— 

6-9 

5-8 

4-6 

Water loss of air dry soil at 100° C. 

7-2 


3-9 

90 7-7 

— 

3*8 

6-2 

30 

Loss on ignition (mainly organic) 

20-8 


KM 

41-7 24-9 


17-7 

19-5 

120 

CaO 

0-97 

— 

GO 

20 1-2 

— 

0-53 

002 

0-51 

CaOOg 

1-74 

— 

100 

3-6 21 

— 

0-95 

111 

0-92 

MgO 

0-21 


0-60 

0-62 0*47 


0-28 

0-38 

0-39 

KsO 

0-26 

— 

0-21 

0-28 0-25 

— 

0-26 

0-28 

0-33 

* This area is not a chalk heath but is 

situated on 

the plateau adjacent to chalk heaths and 

is included for comparison. Possibly it has been recently ploughed 

: see the soil analysis. 
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on gentle slopes and flat ground, and in the latter conditions become leached 
and tend to develop chalk heath. 

It is noteworthy that the average fJl value is nearly the same for all three 
types of soil, 7*4 to 7*5, though the range is fairly considerable (least in the 
dark humous soils). 

Chalk Heath soils. 


CaO 


Loss on ignition 


pH 


4 chalk heatli s(jilH 


Average 

M8 


llangc 

0r)3-20 


Average 

27-8 


Range 

17-7-41-7 


Average 

6-6 


Range 

6-0-6‘9 


These soils are mostly brown with a relatively liigh humus content. They 
show a marked leaching oi calcium and a range of 2 >H values between 6 and 7. 


Heath soils, 

CvaO Loss on ignition 

f ^ ,, ^ A 

Average Range Average Range Average Range 
2 heath soils ().56 0-51-0-62 16-05 12-6-l9‘5 5-2 4-6-5*8 

The two soils examined from heath developed over the chalk were both 
light brown dry friable loams with a lower mean loss on ignition than the 
other soils. The average calcium content is lower than in the chalk heath soils 
and the pH value very markedly lower. 


5. SOCIOLOGICAL CONSTITUTION OF CHALK GRASSLAND 
In attempting to analyse the status and role of the 151 species listed in 
Table I we may take first the species which occur in 80 to 100 per cent, of 
the areas examined, i.e. those which posscvss the highest degree (5) of constancy 
in the terminology of the Ziirich-Montpellier school^, and next those with 
constancy 4 (60 to 80 per cent, of the areas) — Table III. These two categories 
contain the kernel of the association, though they do not exhaust the 
“characteristic” species, some of which are comparatively or even very rare. 

The first column of figures gives the “percentage occurrence” of each 
species, i.e. the percentage of the whole number of areas listed in which it 
occurs, the second the “average abundance” of the species in the areas 
where it occurs. The “average abundance” figures have been arrived at by 
translating the frequency letters used in Table I into numbers, thus: v.a. or 
d. = 5, a. 4, f. 3, o. ™ 2, r. = 1 : 1. has been taken as 2, and where 1. is 
prefixed to another symbol the next lower number is taken, thus l.a. -= 3: 
where a range is indicated in the record the mean figure is taken, thus o. — f. 
— 2-5, o. a. — 3. The sum of the numbers so obtained for each species is 
then divided by the number of areas in which the species occurs, and the 
number thus arrived at is entered to the nearest first decimal place for each 
species. It is doubtful if the very rough subjective estimates of abundance 

^ Braun-Blanquet and Pavillard, Vocabidaire de Sociologie V^^tale, Montpellier, 1922 
See notice in This Journal, 10, 1922, p. 245. 
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represented by the frequency letters can properly bear even this small amount 
of arithmetical treatment, but it is a great convenience to be able to use 
numbers, so the experiment has been made. It is clear that the treatment 
often masks some of the facts set out in Table I — not only the actual ranges 
of abundance, but also the special character of the mode of occurrence of 
certain species, e.g. Bromus erectus, which.is nearly always recorded as generally 
“dominant,” “locally dominant,” or “local,” whereas its “average abun- 
dance” arrived at by the plan described is 3, i.e. equivalent to “frequent.” 
For indications of the actual modes of occurrence of the different species 
reference must be made to Table I. In the V ocabulaire provision is made for 
recording the kind of (static) distribution (Vertheilungsart) of the species and 
the extent of ground covered (Deckungsgrad, Arealprozent). These have not 
been studied in detail by any quantitative method, but the letter 1. obviously 
refers to the former, and d. to the latter, though of course they are only 
qualitative characterisations. The figures in the third column (“exclusive- 
ness”) will be referred to later (p. 28). 


Table III. 



Species of constancy 

5 




Species of constancy 1 



r 

- _ 




/• — 




(A 



4) 

£3 rt 

4) 

g 



Cf; 

• V 

a> 

yj 

lU 

fi 



0) S 

P C5 




a c 

0) ^ 

g*2 

> 

Llffi- 


S =5 


"o 

Life- 


■H 


*3 

foriii 

Species (10) 

5 


w 

form 

Sj»ccies (I'J) 

o 

e3 

M 

G 

Carox liacca 

100 

30 

‘) 

H 

Achil ) oa mil lef oli u m 

70 

2-8 

2 

U 

Plantago lanccolata 

100 

3-3 

2 

H 

Asporula cynaiKOiica 

70 

20 

4 

H 

(Jirsium acaulo 

08 

3*4 

3 

H 

Hieracium pilosella 

70 

31 

2 

(Jh 

Thy ni u a 8 or 2 )y U um 

08 

30 

3 

H 

Plantago media 

74 

2-2 

3 

H 

Avena pratciisis 

05 

3-4 

3 

H 

Dactylis glomcrata 

72 

20 

2 

H 

Briza media 

95 

20 

3 

H 

Anthoxanthum odoratum 

70 

31 

2 

H 

Festuca ovina 

05 

41 

3 

H 

Phyteuma orbieulare 

70 

2-3 

5 

H 

Poterium sanguisorba 

05 

30 

4. 

H 

Avena pubescens 

70 

3-2 

3 

Th 

Liiium catliarticum 

03 

3*0 

3 

H 

Triset um flavescens 

70 

30 

3 

H 

Jjotus corniculatus 

00 

3 1 

2 

H 

Campanula rotundifolia 

07 

2*7 

2 

H 

8cabiosa columbaria 

00 

20 

4 

H 

Centaurea nigi’a 

07 

2-4 

2 

H 

Trifolium pra tense 

88 

2-3 

2 

H 

Beilis peremiis 

05 

2-2 

2 

H 

Koeleria gracilis 

85 

2'7 

3 

H 

Galium verum 

05 

2*8 

2 

H 

Pimpinella saxifraga 

85 

2-7 

3 

H 

Prunella vulgaris 

05 

2-5 

2 


Brachythecium purum 

82 

3-5 

2 

H 

Ranunculus bulbosus 

05 

2-5 

2 

II 

Leontodon hispidus 

80 

30 

2 

H 

Bromus orectus 

02 

30 

4 





Th 

Euphrasia nemorosa 

00 

2-3 

2 






H 

Primula veris 

00 

20 

3 







Hylocomium squarrosum 

00 

2-9 

2 


Average abundance of species Average abundance of species 

of constancy 5 3*2 of constancy 4 2-7 


It is noticeable that there is good correlation between the constancy and 
the average abundance (5 and 3*2, 4 and 2-7) of the species of greatest con- 
stancy included in these two lists, which means of course that the species 
occurring in most areas are also on the average most abundant in each area. 
The species of constancy 5 certainly form in most areas the bulk of the herbage : 
Festuca ovina in the first place, then, very commonly, Poterium mnguisorba, 
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which is often abundantly mixed in the turf throughout the sample. Brachy- 
iftecium purum often forms an almost continuous lower layer, only appearing 
conspicuously on the surface when the turf is very short. Of the other dicoty- 
ledonous herbs Lotus and Thymus bulk largest of the most ubiquitous and 
abundant species, Plantago lanceolata, Cirsium acaule and Leontodon hispidus 
with their different habit of growth probably come next, with Carex Jlacca, and 
then the grasses A vena pratensis and Briza media. These are impressions, given 
in default of quantitative analyses of the herbage. 

Of the species of constancy 4, Galium verum is important locally, sometimes 
almost rising to co-dominance. The grasses, both those which are specially 
characteristic of chalk (Avena pubescens and Trisetum) and those which are 
ubiquitous on most soils, like Dactylis and Anthoxanthum, are more local than 
those in the first list, but sometimes they rise to great abundance and even 
to dominance. Bromus erectus is in a special position. It is very local in the 
west of the region surveyed, being absent from the majority of the areas, but 
in the east it is frequently dominant over considerable areas. 


Table IV. 


Species of constancy 3 Species of constamiy 2 
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Hylocomium triquetrum 

ot) 

3-7 

2 

H 

Cynosurus cristatus 

37 

2-5 

2 

H 

Agrostis alba 

o4 

30 

2 

H 

Daucus carota 

37 

2-3 

3 

H 

Carlina vulgaris 

54 

2-0 

3 

H 

Senecio jacobaea 

37 

1-7 

2 

H 

Polygala vulgaris 

54 

21 

2 

H 

Hippocrepis comosa 

35 

30 

4 

G 

Carex caryophyllca 

52 

2-3 

2 

H 

Trifolium repens 

35 

20 

2 

Th 

Medicago lupulina 

50 

2-4 

2 


Hypnum cuspidatum 

35 

2-5 

2 

H 

Holcus lanatus 

47 

2-3 

2 

H 

Deschampsia caespitosa 

32 

2*0 

2 

H 

Viola hirta 

47 

20 

3 

’H 

Phleum pra tense 

32 

21 

2 

Ch 

Cijrastium vulgatum 

45 

20 

2 

H 

Succisa pratensis 

32 

2-4 

2 

H 

(jraliura crectum 

45 

2*2 

3 

H 

Filipendula hcxapetala 

32 

2-7 

4 

(^h 

Veronica chamaedrys 

45 

2-2 

2 

H 

Anthyllis vulneraria 

30 

2-4 

4 

H 

Kuniox acetosa 

42 

20 

2 

H 

Leontodon autumnalis 

30 

2-3 

2 


Camptotliecium lutescens 

42 

3-3 

3 

G 

Cirsium arvense 

27 

21 

1 


Dicranum scoparium 

42 

2-9 

2 

H 

Poa pratensis 

27 

2'3 

2 

Th 

Gentiana amarella 

40 

2-0 

3 

H 

Viola riviniana 

27 

Id 

2 


Hylocomium splcndeiis 

40 

30 

2 


Fissidens taxifolius 

27 

21 

2 






H 

Arrhenatherum elatius 

22 

2-3 

2 






H 

Brachypodium pinna! um 

20 

25 

4 






H 

Festuca rubra 

20 

29 

2 


Average abundance of species 
of constancy 3 


Average abundance of species 
2*6 of constancy 2 2-3 


The species in Table I V again show a good correlation between constancy 
and average abundance (3 and 2-5, 2 and 2-3). It is noticeable that the only 
species of constancy 3 which exceed an average abundance of 3 are the three 
mosses Hylocomium triquetrum (a.a. 3-7), H. sflerdens (a.a. 3-6) and Camfto- 
thedum lutescens (a.a. 3'3). Of these the first two are abundant or very abundant 
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on steep northern exposures but not elsewhere. The last is locally very abun- 
dant on soils very chalky to the surface. 

Hi'ppocrepis comom is the only species of constancy 2 which shows an 
average abundance of as much as 3. This is owing to its local abundance, 
rising to local dominance, forming large clans or societies, in many areas of 
the eastern half of the region. In the west it is only occasionally met with. 
Fesiuca rubra, occurring in only 20 per cent, of the areas examined, has an 
average abundance of 2-9. This again is owing to its local abundance, especially 
on loose friable soils showing a high ;pH value (see areas 24 and 41). Filipendula 
hexapetala (a.a. 2*7) also is locally abundcant, especially in the east. 

All these species, of relatively low constancy and relatively high frequency 
where they occur, are in one sense or another ‘'characteristic” of the chalk 
grasslands of the Sussex Downs. 


Table V. Species (81) of comta^icy 1; i.e. occurring m less than 20 per cent, 
of the areas (arranged in order of average abundance). 
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H 

Agroatia term i a 

12 

30 

1 


Barbu la cylindrica 

2 

2-0 

1 

H 

Fostuca elatior 

10 

30 

1 


Fissidens adiantoides 

2 

2-0 

1 

H 

Potontilla reptana 
Hypnura inolluscum 

2 

15 

30 

2-9 

1 

3 


Hypnum chrvsophyllum 
Mnium undiilatum 

2 

2 

2*0 

2-0 

3 

1 


Neckera crispa 

15 

2*9 

3 


Rhacomitrium lariuginosum 

2 

2-0 

1 


Frullania tamarisci 

7 

2-8 

1 


Thuidium tamariacinum 

5 

20 

2 

H 

Sonecio carapestria 

12 

2-7 

5 


Collema sp. 

2 

2-0 

1 


Cladonia silvatica 

7 

2-7 

2 


Peltigera sp. 

2 

2-0 

1 

Ch 

Helian them urn vulgarc 

15 

2-6 

3 

G 

Ophrys apifera 

Taraxacum erythrospormum 

15 

1-9 

4 


Thuidium abietinurn 

5 

2-5 

3 

H 

10 

1-9 

2 


Scapania neraorosa 
Cladonia firabriata 

5 

2'5 

1 

Ch 

Veronica officinalis 

17 

1-9 

1 


10 

2-5 

2 

H 

Brachypodium silvaticum 

12 

1-8 

1 

H 

Ononis repens 

17 

2-4 

2 

Th 

Myosotis arvensis 

15 

1-8 

2 


Hypnum cupressifonnc 

15 

2-3 

3 

H 

Arabis hirsuta 

10 

1-7 

2 


var. datum 




H 

Clinopodium vulgare 

7 

1-7 

2 

H 

Luzula canipestris 

15 

2-2 

2 

H 

Galium mollugo 

7 

1-7 

1 

H 

Leucanthemum vulgarc 

17 

21 

2 

G 

Orchis maculata (type) 

7 

1-7 

3 

H 

Scabiosa arvensis 

12 

21 

2 

Th 

Rhinathus crista-galli 

10 

1-7 

2 

Th 

Arenaria serpyllifolia 

5 

20 

2 

H 

kSpiranthes autumnalis 

7 

1-7 

2 

Th 

Blackatonia perfoliata 

2 

20 

2 

H 

Agrimonia cupatorium 

7 

1-5 

2 

Th 

Bromus mollis 

2 

20 

1 

Th 

Bartsia odontites 

5 

1-5 

1 

Ch 

Calluna vulgaris 

2 

2-0 

1 

H 

Caucalis anthriscus 

5 

1-5 

1 

H 

Campanula glomerata 

12 

20 

4 

H 

C^noglossum officinale 

5 

1*5 

1 

H 

Centaurea scabiosa 

5 

2-0 

3 

Th 

Erythraea centaurium 

5 

1-5 

2 

H 

Cirsium palustre 

5 

2-0 

2 

H 

Fragaria vesca 

5 

1*5 

1 

Th 

Crepis virens 

10 

2-0 

2 

Th.HLinum angustifolium 

2 

1-5 

2 

H 

Ecliium vulgare 

2 

2-0 

1 

G 

Orchis pyramidalis 

5 

1-5 

4 

G 

Gymnadenia oonopsea 

7 

2-0 

3 

Ji 

Ranunculus repens 

Cirsium lanceolatum 

5 

1-5 

1 

H 

Hypericum perforatum 

10 

2-0 

2 

H 

17 

1-4 

2 

H 

Hypochaeris radicata 

2 

2-0 

1 

H 

Taraxacum officinale 

17 

1-4 

1 

H 

Lolium perenne 

5 

2-0 

2 

H 

Tragopogon minus 

12 

1-4 

2 

H 

Origanum vulgare 

15 

20 

3 

H 

Vicia cracca 

12 

1-4 

1 

H 

Potentilla anserina 

2 

20 

1 

H 

Picris hieracioides 

10 

1-2 

2 

H 

Potentilla erecta 

7 

20 

1 

G 

Aceras anthropopliora 

o 

10 

5 

Th.H Reseda lutea 

2 

20 

1 

H 

Antliriscus silvestris 

5 

10 

1 

H 

Sieglingia decumbens 

5 

2*0 

1 

G 

Habenaria viridis 

2 

10 

2 

Th 

Sonchus oleraceus 

15 

2-0 

1 

H 

Lathyrus prattnisis 

2 

10 

1 

G 

Thesium linophyllum 

7 

2-0 

5 

G 

Listera ovata 

5 

10 

2 

Th 

Trifolium prooumbens 

2 

2-0 

2 

H 

Ranunculus acer 

2 

10 

1 

Q 

Tussilago larfara 

2 

20 

1 

G 

Tamus communis 

2 

10 

1 

H 

Verbena officinalis 

2 

2-0 

1 


Seligeria calcarea 

2 

10 

1 
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The species of constancy 1, i.e. those which occur in less than 20 percent, 
of the areas listed, number no less than 81 species (64 flowering plants an(^ 17 
mosses, liverworts and lichens) or more than half the whole number. Many 
are casual invaders of the community, others are ubiquitous occasional 
constituents of grassland, but a few are confined to, or are mainly found in, 
chalk grassland or at least on soils rich in lime. In this last category we have 
the orchids Aceras anihroyophora and Ophrys apifera, with Gymnaclenia 
foHopsea^ Orchis maculata (type) and 0. pyramidalis; Blackslonia perfoliata 
'(also on clays). Campanula glomerata^ Centaurea scabiosa, Helianthemum 
^vulgare^ Reseda luiea, Senecio cam/pestris, Thesmni linophyllum, and the mosses 
Barhula cylindrica, Hypnum chrysophyllum, //. molluscum, Seligeria calcarea. 


Correlation of constancy and average abundance. 


Species of 
constancy 
5 
4 
3 
2 
I 


Average 

abundance 

3-2 

2*7 

2*5 

2-3 

1-9 


The average abundance of all the species of constancy J is 1*9, of the 
flowering plants alone 1*8, of the bryophytes and lichens alone 2*2. Of the 
species of constancy 1 with relatively high average abundance we may note 
Agroslis tenuis (a.a. 3) which usually becomes abundant where it occurs on 
leached surface soils, Festuca elatior (a.a. 3), locally dominant on the deeper 
soils of steep northern slopes, Potentilla replans (a.a. 3), locally abundant 
as an invader on open soil; Senecio carnpestris (a.a. 2*7), frequent or abundant 
in several eastern areas where it occurs, and Helianthemum vulgare (a.a. 2*6) 
locally abundant or even dominant here and there on short rabbit-eaten turf. 
While the first tliree are not constituents of most chalk grassland, the last 
two, though local, are very rarely found outside it, the former being of very 
restricted, the latter of wide distribution in Great Britain. 

Exclusiveness. The figures in the last column of Tables III, IV and V 
constitute an attempt to represent by numbers the degree to which the species 
are exclusive to the association. According to the practice of the modern 
Swiss plant-sociologists^, the figure 5 signifies “almost or quite confined to 
the association,” 4 = “found especially in the association, though also (more 
rarely) in others,” 3 “ preferring on the whole the community to others 

though also more or less abundant in these,” 2 -= “indifferent,” 1 ^ “alien 
to the community.” 

It is evident that a just characterisation of the exclusiveness of a species 
in a given community can only be arrived at on the basis of an exhaustive 


^ Braun>-Blauquet and Pavillard, V occtbvlaire, p. 7; also other recent writings of the 
Zurich school (e.g. Htibel in Thig Jouknal, 8 , p. 18). 



A. G* Tansley and R 8. Adamson 


29 


knowledge of the constitution of the other communities in which it may occur, 
and such knowledge does not at present exist. Nevertheless it seems useful 
to make the attempt. One doubt which appears at the outset is the question 
whether the semi-natural grasslands of Great Britain developed on limestone 
formations (such as the carboniferous, oolitic and magnesian) other than the 
chalk should be reckoned with the chalk grasslands or not. They have so many 
species and other characters in common that this course might seem correct, 
but on the other hand a considerable number of the rarer characteristic chalk 
species are confined to the chalk itself, because the chalk is mainly a formation 
of the east and south-east of Great Britain, which is also a region of comparatively 
low rainfall, and thus the dry soil and calcicole continental species which just 
reach this country are often found upon it and do not extend beyond its 
area. The highest exclusiveness figure (5) has therefore been confined to those 
species which, so far as is known, never or very rarely occur in Great Britain 
except on the chalk. 

Only 4 species, Phyteima orbimlare, Senecio cam/pesfris, Aceras anthro- 
pophora and Theskmi Unophyllmn, receive the highest figure 5^. It will be 
noted that while the first-named has a constancy coefficient of 4, occurring 
in 70 per cent, of the areas listed, the other three have a constancy figure of 
1 only, having been met with respectively in 12 per cent., 2 per cent, (one 
occurrence) and 7 per cent, of the areas. Phyteuma orhmdare is confined to 
the chalk grassland of the Bouthern counties, extending from Wiltshire and 
Dorset to East Kent, and the region dealt wfith in this paper coincides with 
that of its greatest frequency. Senecio campesiris not only extends from 
Dorset to Kent, but also northward along the chalk outcrop to Lincolnshire. 
It is said to occur also in Gloucestershire and Northamptonshire (doubtless 
in oolitic grassland) and has been recorded also from Anglesea. Nevertheless 
its extreme rarity off the chalk warrants an exclusiveness figure of 5. The 
species is also decidedly local on the chalk through most of its range, and the 
eastern Sussex Downs, included in this survey, are probably the region of its 
greatest frequency, Aceras anlhropophora is more eastern in its distribution 
than the other two species, its centre being Kent and Surrey, and though it 
is recorded from several places off the chalk 2 , by far the greater number of 
plants undoubtedly occur in chalk grassland. Thesimn linophyllum does not 
extend further north than Norfolk and except for two or three records in the 
west (Gloucester, Cornwall) it appears to be confined to chalk grassland. 

If the whole area of the English chalk grasslands were surveyed there 
would, of course, be a number of other species not appearing in our survey 
records to which the exclusiveness figure 5 would belong. These would probably 
be most numerous on the chalk of Kent and Cambridgeshire. 

^ Whether a given species should receive an exclusiveness figure of 5 or 4 depends upon 
how the words “almost exclusively” are interpreted: Aceras anihropoiihora for instance miglit 
be thought to deserve 4 only. 2 ^ from sand hills in South Wales, 
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Of the eleven species receiving the exclusiveness figure 4, two have a 
constancy of 5, two of 4, four of 2, and three of h 

Poierium sanguisorba is one of the most constant species of chalk and 
other limestone grassland from Perth and Forfar southwards, and is far more 
abundant and widespread on these than on any other soils. Scabiosa columbaria, 
while not so abundant, has a very similar distribution. It is perhaps a question 
whether these two should have 3 rather than 4 as an exclusiveness figure. 

Asperula cynamhica has a much more limited distribution, not reaching 
Scotland, and is much more abundant in chalk grassland than anywhere else, 
though it occurs on other limestones. Bromus erecMis has a more restricted 
distribution still and is a characteristic local chalk dominant, but it gets oft* 
the chalk sufficiently to have 4 rather than 5 as aji exclusiveness figure. 

Hippocrepis comma is another species of southerly and easterly distribution 
scarcely reaching Scotland. It is locally very abundant in the chalk grassland. 
Filipendida hexapetala is of somewhat wider distribution but again is mainly 
concentrated on the chalk. A ntliyllis vtilneraria is much more widely spread 
in dry pastures than the preceding species but is much commoner on the 
chalk than elsewhere. Brachypodium pinnattim is of quite restricted southern 
and to some extent eastern and midland distribution. It occurs mainly on 
the chalk. 

There are only three species of constancy 1 to which we have given the 
exclusiveness figure 4. Campanula glomeraia is pretty widely distributed on 
dry pastures throughout Britain, but it is said to be rare in the west, and it 
is probably far more abundant on the chalk than elsewhere. Ophrys apifera 
has a more restricted distribution, scarcely reaching the extreme north of 
England and south Scotland. It is apparently strictly confined to limestone 
soils and by far the greater number of plants probably occur in chalk grass- 
land, where, locally, and in certain years, it is extremely abundant. The dis- 
tribution of Orchis pyramidaUs is similar but it is not so strictly confined to 
limestone. Perhaps it should have an exclusiveness figure of 3 only. 

Of the remaining species of constancy 1 a few are of some interest in rela- 
tion to chalk grassland. Laihyrus pratensis was met with in one area and 
Vida cracca in four established in the grassland. The latter, though its usual 
habitat is hedges and wood-edges may almost be considered an occasional 
constituent of chalk grassland. Sonchus oleraceus was met with in 5 areas 
as a colonist. Tam, us communis is of course a wood-edge, and Fragaria vesca a 
woodland plant, the latter not very infrequently occurring in chalk grassland. 
Tussilago farfara is apparently a pioneer of loose chalk soils ^ which may remain 
for a time after a turf is established, though it does not flourish. Cirsium 
palustre (like Agrostis alba and Car ex fiacca) belongs to the numerous category 
of species that occur either on wet soils or on dry soils very rich in lime. 

’ See Tansley and Adamson. “The Chalk Grasslands of the Hampshire -Sussex border.” 
This JouBNAL, 13, pp. 180-183. 
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Twenty-eight species in all (eight out of the sixteen which have a con- 
stancy figure of 5) are marked as specially abundant in chalk grassland 
(excl. 3), sixty-nine species, or more than one-third of the whole list, as 
“indifferent” (excl. 2), and thirty-eight (none of which except Cirsium arvense 
rises above constancy 1) as “alien.” 

While there are thus large indifferent and alien elements (the latter due 
to the proximity of most of the Downs grassland to cultivated soil), com- 
prising indeed more than two-thirds of the whole list of species, the association 
is, nevertheless, quite well characterised, according to the standards of the 
Swiss phytogeographers, by the 4 species of exclusiveness b, the 1 1 of excl. 4 
and the 28 of excl. 3, a total of 43 or 29 per cent, of the whole belonging to 
one of the three higher grades of exclusiveness. Of the 35 species of constancy 
5 and 4, 17 or practically half belong to one of these three higher grades. 

Life forrm. Only 4 of Raunkiaer’s life forms are represented in the list: 
chamaephytes, hemicryptophytes, geophytes and therophytes. 

Whole list of howoring plants Species of constancy 5 anej 4 

V7 -- • . _ ^ ri/ * f\/ 
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No. of species 


Ch 
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91 

72 

29 

88 
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13 

10 

1 

3 

Th 
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13 

2 
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The preponderance of hemicryptophytes, very marked in the whole list 
of flowering plants, is even more overwhelming in the species of the two 
highest degrees of constancy which form the kernel of the vegetation. The 
other characteristic life form is the geophyte, to which nearly all the orchids 
belong, but which is not a type showing a high degree of constancy in this 
association. 

It is hoped that this attempt to employ the methods of the Zurich school 
for the characterisation of this well-marked association and its species may 
liave enabled a clearer picture to be formed of the floristic characters and 
composition of chalk grassland. It seems to us, however, that the ideal descrip- 
tion and characterisation is only to be obtained by further study which will 
enable the species to be arranged in small, biologically homogeneous groups, 
rather of the nature of the synysiae of Gains^, which can be characJterised and 
classified in relation to (1) their ecological requirements, (2) the part they play 
in the economy of the association and its successional phases. By this means 
a much needed link may be found between the autecology of the species and 
the vegetational characters of the community. 

(i. STATUS OF CHALK GRASSLAND 

It is obvious that the great bulk of the English chalk grassland is a com- 
munity fixed and to some extent modified by continuous grazing. No special 
attention was paid to succession in the collection of the data for this paper, 

* Gazns^H. “Prinzipienfragen der Vegetationsforschung.” Viertcljahresschr. d. NaturJ. (ha, 
in Zurich, 63, 1918, 
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the object being rather to collect floristic and soil data over a fairly wide 
region, but the observations made confirm and extend the conclusions arrived 
at in the third of these “Studies^.” We may say with confidence that chalk 
grassland is a phase in the development of vegetation on a chalk soil, and that 
the mass of it is a biotically determined climax association, its characteristics 
being fixed by the continuous grazing factor. In Clements’s terminology it 
is of course a subclimax — the true climatic climax being beechwood {Fagetum 
silvaticae calmreum^, Beechwood on chalk Beech consociation of sere 4^). 
With the biotic factor removed, or much diminished in intensity, two lines 
of development are indicated: (1) by leaching of the surface soil on flat 
surfaces or gentle slopes, a development to '‘chalk heath” and possibly heath, 
marked by the entrance and increasing dominance of Calluna and/or Erica 
cinerea, and their associates; (2) through a phase of scrub and ashwood to 
beechwood^. The first line may, however, be overtaken and obliterated by 
the second, though the details of this part of the development have not been 
studied. 

In the grassland itself we may distinguish a consocies dominated by Festuca 
ovina or an associes in which this grass is very prominent, and it is this 
which forms the basis of the biotic subclimax. On the unleached soils, when 
grazing is relaxed, an associes dominated by meadow grasses is developed, 
and here heath development is excluded and the sere would doubtless progress 
to beechwood, though we are again ignorant of the details. 

The cost of the soil analyses, which were carried out at the Cambridge 
University School of Agriculture, was defrayed by a grant from the Royal 
Society. 

^ Tansley, A. G. and Adamson, R. S. ‘'The Chalk Crasalands of the Hampshire- 
SuHsex Border.” This Journal, 13, pp. 177-223. 

2 Types of Brilish Vegetation, p. 163. 

* Adamson. “The Woodlands of llitcham Park.” This Journal, 9, p. 120. 

^ Watt. “Dcvolopineiit and Structure of Beech ConimuniticR on the Sussex Downs. 
Part II, Section III,” “The Beech Consociation.” This Journal, 13. See especially pp. 43, 63, 
65, etc. 

Tansley. “Redevelopment of Woody Vegetation on Chalk Crassland.” This Journal, 
10, p. 168. Watt, ibid. Part II, Section I. “ Preclimax Stages in the Developmental Succession.” 
This Journal, 12, p. 145. 
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INTRODUCTORY ^ 

The present communication deals with the results obtained from soil 
surveys carried out on Hindhead Common in July 1921, July 1922, and 
July 1923 together with a few further observations made in April and July 
1924. A preliminary investigation on a relatively small number of samples 
was undertaken by Fritsch and Salisbury in 1914 (unpublished) with a view 
to elucidating some of the ecological problems of the heath, but since the 
results obtained shed little light upon the points at issue, it was suggested 
to the writer that a more general survey should be undertaken. 

The area lies on the Hythe beds of the Lower Greensand, the subsoil being 
composed of stone and sand. The peat at different points is from 1 to 10 inches 
thick. Below this there are usually 4 to 6 inches of a light sandy soil, light 
both in texture and colour, overlying a hard sandstone which usually appears 
from 7 to 16 inches below the surface. 

^ From the Botanical Department, East London College. 
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A Soil Survey of Hindhead Common 

In July 1921 and July 1922 systematic surveys were made in which 
samples were taken at 100 feet intervals along three main transects across 
the area. Of these three lines two ran at right angles to the base line 
(cf. Fritsch and Parker ( 9 )), one at the point 4 and one at the point 12, 
whilst the third or Middle Line ran along the summit of the central ridge 
as indicated in the accompanying map (Fig. 1). Samples were also taken 
from various zones of special interest such as areas recently burnt^, the 
total number of samples taken amounting to about 270. In 1923 and 1924 
the general survey was not repeated but a number of samples were taken 
from special zones and burnt areas. The analyses consisted in determinations 
of water content, hygroscopic moisture, humus, acidity, total salts, calcium 
and nitrates in samples from 2-inch and 9-inch depths at each point, but 
calcium and nitrates, though investigated throughout in the analyses of 
the first year, were not followed up in later years as the first year’s results 
were all negative. In a few cases determinations were also made of aluminium 
and potassium. 

PART I. METHODS 

Method of sampling. All loose debris and undecomposed remains were 
first of all scraped from the surface. The upper inch of soil was then removed 
with a trowel over an area of about 20 square inches (6-inch circle), the soil 
of the next 2 inches was loosened and mixed and about 50 grn. were then 
removed and packed in lever-lid tins completely lined by a folding bag of 
two or three thicknesses of waxed paper. The tin containing the bag and 
soil was then weighed on the spot to 0*1 gm. on a balance capable of accuracy 
to 0*01 gm. if necessary. The amount of fresh soil taken was found on un- 
packing in the laboratory by difference after weighing the tins and packets. 
The samples were then air-dried in the laboratory until they attained a 
roughly constant weight which usually required from two to four months. 
For this purpose they were exposed in open paper trays lightly covered 
over with paper to prevent the access of dust. The water contents at this 
stage are recorded in the tables as hygroscopic moisture but are not always 
given. About 20 gm. from each sample were then placed in tared evaporating 
basins, weighed and dried to constant mass in an oven at 100-110° C. 
They were then re-weighed and the fresh and air-dry water contents cal- 
culated. For the determination of total salts and acidity extracts were 
then made by weighing out 5-gram lots (two from each sample) into 100 c.c. 
beakers and extracting by intermittent shaking for two hours with 20 c.c. 

^ Samples taken on lines were usually taken at points midway between the corners of the 
survey squares (see nmp) and are designated in the tables by the title of the line such as 4, 12, or 
ML (Middle Line) followed by the two numbers or letters between which they were taken. Thus 
4 AB 2 signifies that the sample was taken on the 4 line between the points A and B, and at a 
2-inch depth; ML 8, 9 and ML 18-19, 9 signify that the samples were taken on the Middle Line 
at the point 8, 9 inches deep and on the Middle Line between the points 18 and 19 and 9 inches 
deep respectively. 
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of conductivity water^. The cleanliness of the beakers was in all cases 
checked immediately before use by placing about 50 c.c. of conductivity 
water in the first of a row of two dozen or so (according to the size of the 
batch of samples), pouring it into each beaker in turn along the whole row 
and then ascertaining that its resistance in the conductivity pipette used 
was over 11,000 ohms. The process was always repeated until the resistance 
of the washing water that had been in all the beakers in turn became im- 
measurable on the bridge used (i.e. was over 11,000 ohms). After extraction 
the extracts were filtered through No. 40 Ashless Whatman filters which 
were shown to cause only a negligible increase in conductivity in their 
filtrates, the funnels for filtering being subjected before use to the same 
test as the beakers. The conductivities of the extracts were then found by 
means of the ordinary form of conductivity pipette used in conjunc- 
tion with a bridge and telephone supplied by the Cambridge Scientific 
Instrument Company and reading direct by dial adjustments to the nearest 
10 ohms. Accuracy to the nearest 10 ohms was found to be amply sufficient 
as it was always well within the ordinary error of sampling, individual 
5-gram samples of the same soil often differing by 10-100 ohms, but in all 
cases the average was taken of the two readings for the two different extracts 
from the same sample, a third determination being made if necessary in 
cases of bad agreement. The values recorded in the tables for “Total salts” 
give the conductivities of the extracts in gemhos. 

The acidities were determined electrometrically using a Clark hydrogen 
electrode, the extracts being run into the electrode vessel immediately from 
the conductivity pipette. The apparatus, which was capable with rapid 
working of accuracy to 0*001 volt (0*02 in the ^H), was checked before and 
after every batch of extracts with standard solutions (2A^ H2SO4 and 
0-1 iV alkali) so as to eliminate any possibility of error through changes in 
the condition of the electrode or formation of films on its surface or changes 
in the constants of the calomel electrode. In the 1922 survey (the first in 
which acidities were determined) a battery of voltameter cells with nickel 
electrodes and dilute NaOH as electrolyte was used as a source of hydrogen, 
the latter being subsequently passed over cone. H2SO4, through glass-wool 
filters, over an electrically heated coil of nichrome wire wound in a quartz 
tube and lastly over stick potash and a further glass-wool filter before 
entering the electrode vessel. In the later years, however, it was found that 
a Kipp’s apparatus and potash tubes alone could be used as a source of 
hydrogen without any detriment to the accuracy of the results within the 
required limits, so this simpler form was substituted. The results with the 
two forms of generator were checked against one another and found to be 
identical within the required degree of accuracy and the apparatus has 
been checked against carefully prepared buffer solutions with the same result. 

^ Perfect wetting of the soil was ensured at the beginning of the extraction by grinding against 
the sides of the beaker with a thick hard glass rod. 
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The extracts normally took about five minutes to come to equilibrium, 
the equilibrium after such time being quite definite and steady, but frequently 
the time required was less. 

In the 1921 and 1922 surveys the solutions were tested further for 
nitrates with diphenylamine and the residues left after filtering off the 
extracts were tested for calcium in a Collin’s calcimeter. Both of these 
tests, however, were invariably negative so were not pursued in later years. 

When the 5-gm. lots had been withdrawn from the dried sample and their 
extracts analysed as above, part or the whole of the remainder (about 
10-20 gm.) was utilised for the determination of humus. For this purpose 
the soil was weighed in porcelain basins and heated to redness until further 
heating no longer produced any change in colour. Heating was discontinued 
when it became impossible to bring lighter layers to the surface on stirring, 
the process usually requiring from 4 to 6 hours, after which the basins 
plus ash were cooled and weighed. 

In the determination of potassium and aluminium (when performed) 
extracts were prepared in conductivity water from the dry ground fine 
earth and subsequently filtered, added to the filter washings and concen- 
trated. Potassium was estimated by the perchlorate method, being weighed 
as perchlorate on a Cooch crucible, and aluminium was estimated as Al^Og 
by the ignition on foil of the hydroxide precipitated by NH4OH. (Iron was 
first removed by precipitating Fe(OH )3 and Al(OH )3 together, taking up 
the filtered and washed precipitate in a minimum quantity of HCl, treating 
with NaOH, diluting, filtering and re- precipitating Al(OH)3 alone from the 
filtrate with NH4OH and NH4CI.) 

PART II. RE81;LT8 

The General Surveys of 1921 and 1922. 

Table I. The 4 Vme in 1921. 


8 oi! 

Water 

eonteiit 

11 urn us 

I’otal saltsf 

(Joettioient 
of humidity 



Salts/humus 

ratio 

A 


r 

2 " 

9" 

2" 

9" 

2 " 

9" 

2" 

9" 

2" 

9" 

4XY 

1-2 

4.4 

17^3 

1-2 

4540 

1099 

007 

307 

202 

915 

4 YZ 

30 

3-2 

10-3 

10 

2380 

552 

0-29 

200 

231 

345 

♦4 Z 4 

700 

8-1 

00-5 

0-4 

7410 

2207 

1-40 

1-27 

147 

413 

♦4 4 A 

78*3 

21 

10*8 

1*2 

2380 

700 

7-25 

1-75 

220 

038 

4 AB 

(v 2 

10 

9-9 

l-O 

2850 

595 

003 

100 

288 

595 

4BC 

18-9 

20 

28-3 

0-9 

4875 

050 

007 

2-22 

171 

730 

4 Cl) 

3-9 

20 

15-4 

2-3 

4000 

1738 

0-25 

0-87 

200 

755 

4 BE 

2-4 

10 

81 

0-8 

2220 

837 

0-30 

200 

274 

105 

4 EF 

23-5 

2-4 

720 

10 

10070 

1183 

0-33 

2-40 

232 

1183 

4FG 

3-5 

10 

24- 1 

0-8 

3450 

800 

015 

1*88 

143 

1000 

4GH 

30 

20 

10- 1 

1*7 

3920 

1015 

0-20 

1-53 

200 

590 

4 HI 

10 

2-7 

3-7 

1-3 

1095 

953 

0-43 

2-08 

458 

732 

4IJ 

4-9 

9*2 

1-7 

10 

1242 

1439 

2-88 

5*75 

730 

900 

4 JK 

3 3 

12 

2-9 

3 5 

1449 

1500 

M4 

200 

500 

417 

4KL 

11-8 

11-2 

13-2 

11-7 

3570 

2500 

0*89 

0-90 

270 

214 


Samples marked with an * are treated as valley soils for the purpose of calculating the figures 
in Table Vll: the remainder are soils more than half way up the hillsides and are called *' tops,” 
t The total salts are expressed as the conductivity in gemhos of the extract made up as 
described on p. 34, see text. 
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A Soil Survey of Hindhead Common 

Table II. The 4 line in 1922. 


Soil 

Water content 

A _ 

Humus 

^ 

Total salts 

Coefficient 
of humidity 

A 

Salts/humus 

ratio 

pH 


2" 

9" 

f — 

r 

9" 

2^ 

9^' 

2 " 

9^ 

r 

9" 

r 

Of 

9^ 

4XY 

12-9 

8*5 

6-7 

2-2 

2320 

1430 

D90 

3-86 

346 

660 

3-6 

3-8 

4 YZ 

16-4 

7-8 

5-0 

1-8 

2500 

1148 

2-75 

4-33 

446 

638 

3-4 

3-8 

•4Z 4 

59-6 

17-7 

31-8 

2-3 

7400 

2468 

1'87 

7-70 

233 

107 

3-2 

3-5 

*4 4 A 

30-3 

TO'O 

11-9 

2-2 

3920 

1350 

2*52 

4*82 

330 

613 

3-2 

3-9 

4 AB 

13-5 

6*8 

6-6 

0-0 

2320 

793 

2-43 

11-33 

414 

1320 

3-1 

3-6 

4 B(^ 

10(> 

0-8 

30-8 

2-2 

3030 

1340 

0*46 

3-09 

82 

610 

3-4 

4-0 

4 CD 

20-7 

— 

8-9 

2-9 

3920 

1072 

232 

— 

440 

370 

3-2 

3-6 

4DE 

10-8 

8-2 

4-4 

1-5 

1722 

1753 

2-45 

5-40 

391 

1170 

3-8 

3-5 

4 EF 

1170 

9-3 

67-4 

M 

12980 

1000 

1-74 

8-45 

192 

909 

<2-8 

4-1 

4FG 

9-2 

— 

33 

1*9 

1438 

1000 

2-79 

— 

436 

626 

4-1 

3-9 

4GH 

10-5 

9*6 

1-6 

1-4 

1685 

1110 

6-50 

6-86 

990 

792 

3-9 

3-9 

4 HI 

10-8 

0*9 

4-5 

0-5 

2350 

027 

2'40 

13-80 

522 

1254 

3-0 

4-3 

4JJ 

18-6 

13-4 

4-7 

30 

2890 

2220 

2-96 

4-47 

615 

740 

3-6 

3-8 

4 JK 

13*4 

16-2 

14*9 

20 

2172 

2172 

0-90 

5-80 

165 

835 

3-9 

4-2 

4KL 

12-5 

16-2 

40 

2-8 

2102 

2322 

2-72 

5-79 

456 

828 

3-9 

4-0 


* See note to Table I. 


Table II a. Notes on vegetation in 'proximity of ])ositions where soil samples 

were taken in 1921. 

4- XY (Recently burnt, 1920.) Dom. Ulcx nanus. Pleris present. Erica cinerea small i)lant8, 
3 in. CuscMta occasional on Ulex nanus. Few large clumps Molinia and numerous very 
small tufts. Epilobium august if olium present but not frequent, H ft. high, flowering. 
Peat, J in. 2 in. dark soil. Sandstone (f-9 in. deep. 

4 YZ (Recently burnt, 1920.) Dom. Ptcris. Ulex nanus almost as abundant as Pier is. 
Pteris often 1-1^ ft. high. About one- third of the ground still bare. Erica cinerea almost 
all small plants about 9 in. or 1 ft. ajiart. Cuscuta occasional on Ulex. Molinia absent. 
Peat, I in. 2 in. dark soil. Sandstone 1 ft. below surface. 

4 Z 4 Dom. Pteris. Vaccinium myrlillus abundant, 1 ft. Ruhus occasional bushes. Ulex 
europaeus to 30 ft. Molinia tuft-s fairly numerous. Calluna frequent. Erica cinerea less 
abundant. Erica ictralix present but not frequent. Dom. grass, Nardus. Dark soil 2^—3 in. 

4 4 A Half way up .slope. Erica cinerea and Calluna equally frequent. Average height of 
vegetation 1 ft. Calluna 2 ft. Pteris frequent, to 2| ft. 

4 AB Average Callvna-Ulex-Krica, Betula occasional. Pinus occasional. Average height of 
vegetation 10 in. Calluna 15 in. Pteris infrequent, to 1^ ft. 

4 BC Calluna-Ulex-Erica. Less dense than at 4 AB, few bare patches. Average height of 
vegetation about 1 ft. Callurm rarely above 1 ft. except in liollows. Pleris infrequent, 
mainly about 1 ft., occasionally to IJ ft. Betula and Pinus occasional. Vaccinim}i 
myrtillus occasional, to 5 in. Peat, in. 

4 CD Calluna-Ulex-Erica. Number of bare patches. Average height of vegetation, 9-10 in. 

Pteris infrequent, mainly poor, about 1 ft. Ulex nanus 3 in. Erica 7-8 in. Calluna 9-10 in. 

Betula and Pinus absent. 

4 DE As C 'D (above). P/erj« nearly absent. Pmwfi occasional. Cladonia sp. fTe{\uent. Peat, 1 in. 

4 EF Very thick vegetation, no bare patches. Dom. Callunay to 2 ft. 6 in. Erica cinerea to 

18 in. Ulex nanus less frequent than at DE and CD. Festuca ovina abundant. Vaccinium 
myrtillus very abundant, 8-9 in. high. Pteris frequent, to 2 ft. 6 in. Pmus occasional, to 
5 ft. llypmim sp. frequent. Dicranum on paths. tJs7iea sp. present, also Parmdia physodes 
frequent on dead Calluna. Peat, 4 in. 

4 FG Vegetation sparse with bare patches. Calluna-Ulex-Erica. Calluna to 12 in. Ulex to 
7 in. Erica to 8 in. Ulex europaeus occasional, 3-4 ft. Pteris sparse, 18 in. to 2 ft. Vaccinium 
to 4 in. Bubus occasional. Festuca ovina infrequent, also Molinia and Deachampsia. 
Peat, under 1 in. 

4 GH Calluna- Ulex- Erica with bare patches. Calluna to 1 ft. Ulex to 4 in. Erica cinerea to 

7-8 in. Pteris infrequent, to 1^ ft. Peat, ^ in. 

4 HI As GH but more Pteris, to 18 in. Little Molinia. Generally vegetation very poor. Soil 
stony. No peat. 

4 TJ Dom. Calluna to 3 ft. Vegetation very thick. Erica to 2 ft. No Ulex. Molinia tufts 
frequent. Small Betula oocasional. No Pteris, except on sandy bare patches. 

4 JK Vegotation tall, alternating with a number of bare patches. Calluna to \5m. i^nca equally 
frequent, 16 in. Molinia tufts frequent, 2-3 ft. Pinus oocasional. Betula present. Very 
little humus. 

4 KL Freshly burnt. Only Molinia sprouting. 
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Table III. The 12 line in 1921. 


Soil Water content 

- A 

Humus 

Total salts 

X 

Coefficient 
of humidity 

Salts/huraus 

ratio 




f 

r 


2" 

9" 

2" 

^ 

r 

2" 

9" 

2" 

% 

r 

♦12 YZ 

150 

6-2 

191 

1-4 

5878 

3120 

0-78 

4-43 

308 

223 

♦12Z 12 

16-5 

2-2 

29*5 

2*2 

6890 

1562 

0-56 

I’OO 

234 

710 

12 12 A 

21-5 

7*2 

8-4 

3-5 

9630 

1923 

2-56 

206 

1136 

550 

12 AB 

121 

20 

32-8 

1-4 

6250 

1150 

0-37 

1*43 

191 

821 

12 BC 

16*9 

— 

29-5 

2’2 

8330 

1123 

0-57 

— 

280 

510 

12 Cl) 

53*5 

21 

12-6 

10 

4250 

787 

4-25 

210 

338 

787 

12 I)E 

2-8 

3-2 

2-7 

O’O 

1600 

1515 

103 

5-33 

592 

2530 

12 EF 

0-4 

2-8 

10‘2 

3-0 

3126 

1905 

003 

0-93 

193 

635 

12 FG 

2-8 

— 

20-6 

1-4 

4000 

763 

014 

— 

194 

545 

12 GH 

21 

7-5 

29’ 1 

3-6 

5550 

1600 

0-07 

2-08 

191 

445 


* Signifies considered as a valley soil for purposes of the calculation of the figures in Table VII. 


Table IV. The 12 line in 1922. 


Coefficient Salts/humus 


Soil 

Water 

conteu ( 

Humus 



Total salts 

A 

of humidity 

ratio 

A. 

pH 

A, 




^ 

9" 

2" 

9" 

^ 

2" 9" 

2" 

9" 



2" 

9" 

2" 

9^ 

♦YZ 

270 

16-4 

91 

3 2 

3445 

1920 

297 

5- 13 

379 

600 

3-4 

3-8 

*Z 12 

133-5 

20-7 

92-8 

8-4 

18150 4250 

1-43 

2-46 

198 

506 

2-9 

4*1 

12 A 

89-4 

26-6 

97-9 

9-6 

1(X)00 4760 

0-91 

2-77 

102 

496 

2-9 

3-1 

AB 

41-7 

— 

36-4 


666() — 

M5 

— 

185 

— 

3-3 

— 

BC 

64-7 

8-3 

220 

1-0 

5710 

1000 

2-94 

8-30 

260 

1000 

3-2 

4-2 

CD 

20-3 

4-6 

12-4 

l-l 

4000 

840 

2*12 

3-29 

323 

600 

3-3 

4-7 

DE 

7-1 

21-8 

2-6 

7-7 

1885 

3030 

2-74 

2-84 

725 

394 

3-9 

3-2 

EF 

10-1 

7-fi 

2-3 

— 

1428 

733 

4-40 

— 

620 

— 

3-8 

43 

FG 

18-5 

9-5 

7-1 

3’4 

2752 

1738 

2-60 

2-80 

388 

512 

3-5 

3-5 

GH 

41-7 

9-5 

17-8 

2-3 

6450 2630 

2-34 

4-14 

362 

115 

2-9 

3-8 


* Samples marked with an * arc treated as valley soils for the purpose of calculating the figures 
in Table VII: the r(.unainder are treated as “to]>s.” Cf. footnote to Table I, p. 37. 


Table V. The Middle Line in 1921. 


Coefficient Salt/humus 


Soil 

Water 

conteut 

Humus 

Total salts 

A. 

of humidity 

A 

ratio 


"IP 

^ 9^ 

2"^ 

9" 

2" 

9" 

2" 

9" 

2" 

9" 

MLO 

9-3 

11-4 

17-7 

7-5 

4440 

2150 

()"53 

1-52 

251 

287 

ML 6 

3-3 

1-0 

11-0 

2-5 

2856 

631 

0-30 

0-40 

260 

252 

MLO 

10-3 

8-5 

24-3 

1-7 

4540 

757 

0-42 

5-00 

187 

445 

ML 15-16 

2-5 

2-3 

9-3 

1-1 

3278 

1010 

0-27 

2-09 

352 

917 

ML 17 

7-0 

1-1 

11-0 

0-7 

2060 

400 

0-63 

1-57 

187 

571 

ML 18-19 

2-1 

0-9 

9-1 

M 

2325 

512 

0 23 

0-81 

255 

465 

♦ML 20 

6-4 

0-5 

19-8 

1-0 

382 

453 

0-32 

0-50 

193 

453 

♦ML 20-21 

10-1 

6-9 

9-1 

2-4 

3918 

1515 

Ml 

2-88 

430 

631 

ML 23 

5-4 

10-2 

10-8 

2-0 

2000 

3030 

0-50 

5-10 

185 

1515 

ML 26 

2-5 

2-1 

6-3 

1-3 

1562 

1103 

0-40 

1-62 

248 

848 


* Samples marked with an * are treated as valley soils for the purpose of calculating the figures 
in Table VII: the remainder are treated as ‘Hops.” Cf. footnote to Table I, p. 37. 
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Table VI. The Middle Line in 1922. 


»SoiI 

Water content 

Humus 

Total salts 

Coefficient 
of humidity 

Salts/humus 

ratio 

pK 

ML 

r 

9" 

2" 

9" 

2" 

9" 

r 

9" 

r 

r 

r 

9" 

0 

40*6 

23*3 

13*6 

7*5 

5880 

3840 

2*98 

3*11 

433 

512 

3*3 

3*7 

2 

13-8 

29-8 

3*6 

5*7 

1940 

3330 

3*84 

5*23 

539 

594 

3*7 

4*3 

0 

10*6 

10*6 

4*1 

1*7 

2150 

937 

2*58 

6*23 

525 

551 

3*8 

4*3 

8 

31*3 

9*6 

11*8 

2*8 

4340 

2125 

2*65 

3*44 

368 

758 

3*2 

3*8 

10-11 

14*0 

1*9 

6*6 

1*3 

2665 

800 

2*50 

1*46 

475 

615 

3*0 

4*2 

13 

9*8 

11*3 

3*7 

3*8 

1850 

1650 

2*65 

2*98 

500 

435 

3*7 

4*0 

15-10 

21*9 

— 

160 

1*3 

5700 

1098 

1*37 

— 

356 

844 

3*1 

3*4 

17 

11*2 

5*9 

5*1 

2*5 

2560 

1050 

2*20 

2*36 

502 

420 

3*2 

3*8 

18-19 

27*7 

9*3 

25*2 

3*1 

5000 

1885 

1*10 

3-00 

198 

608 

3*3 

3*3 

*20 

39*7 

8-5 

28*3 

3*7 

6250 

1910 

1*40 

2*30 

221 

516 

3*3 

3*7 

*21 

92* 1 

25f) 

5*1 

4*3 

4030 

2500 

18*10 

5*95 

790 

581 

3*8 

4*1 

22 

29*5 

102*9 

10*1 

2*4 

3635 

1480 

2*92 

42-00 

360 

617 

3*4 

3*3 

23 

— 

8*2 

— 

6*1 

— 

1430 

— 

1*34 

— 

234 

— 

3*7 

24 

14*8 

5*7 

2*2 

0*6 

1784 

533 

6*73 

9*50 

810 

888 

3*4 

4*0 

26 

34*8 

34*3 

16*3 

1*9 

4540 

1665 

2 13 

18*04 

278 

876 

3*5 

4*0 


* See note to Table I. 


The results of the two general surveys are given in Tables I-VI and 
will serve to show the leading characteristics. The survey of 1921 was made 
after a very dry season and that of 1922 after a very wet one, so that 
differences in water content may be taken to represent practically the ex- 
treme conditions of the soil in this respect and must be realised to be due 
to the different seasonal conditions and not only to differences in the quantity 
or quality of the humus. The rainfall from Jan.-June recorded at Haslemere 
was 9*51 inches in 1921^ and 21‘19 inches in 1922^ but it should be pointed 
out that in both years the samples were taken after a week of fine weather, 
so that excess of water content in the wet season is not attributable to rain 
immediately before sampling but represents as nearly as possible a fair 
equilibrium condition for a wet season. The samples in the two surveys 
were taken throughout (except where otherwise stated) at exactly the same 
points (within a few feet). Some notes are appended to the results of the 
1921 survey in Table II a to show the condition of the vegetation at different 
points along one of the transects at the time of sampling. 

In the case of the 4 line for which the notes are given the area from which 
the first two samples were taken had been recently burnt (about 1920) as 
indicated in the notes, the rest of the line running across heath about 
5-6 years old, while of the 12 line with the exception of the first point, 
12 YZ, the greater part lay on heath which was more than 15 years old. 
The rise and fall of the land along these lines can be realised from the contours 
on the map and also from Fig. 2, but the effect of varying height of slope 
and topographical position will be dealt with fully later. 

The main characteristic of the soils in general, as will be seen at a glance 
from Tables II, IV and VI, is their very high degree of acidity, in view of 
which it is scarcely surprising that it was found to be impossible to demon- 
strate the presence of nitrates by means of diphenylamine and less still that 
^ Average for last 35 years, Jan. to June, 15*15 inches. 
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no calcium could be demonstrated with the Collin’s calcimeter in any of 
the samples. No trace of nitrates could be detected in any of the extracts 
tested in the dilution stated although the reagent was shown to be sensitive 
to a solution of KNOg containing 1 part in 500,000^. That no nitrification 
took place in such acid soils was concluded as early as 1884 by Deherain ( 7 ) and 
in 1892 by Warrington ( 27 ), and Lipman and Wank ( 20 ) more recently, 
working on surface soils from the deltas of the San Joaquin and Sacramento 
rivers, found the peat of practically no value as a source of available nitrogen 
whether untreated or treated with steam and acid under pressure. Bryan ( 3 ) 
also finds that even the more resistant nitrogen bacteria such as those of 
the Soya bean are killed at an acidity of 3-5~3*9. On the other hand Fred 
and Davenport ( 8 ) find a critical pH of 3*3 for the Soya bean organism and 
a pH as low as 3-1 for that of Lupinus roots. Noyes and Conner ( 22 ) found 
that some nitrification took place in acid soils though the activity was 
increased by the addition of CaCOg and disappeared if the soil were left for 
a period fully saturated. Nitrification and nitrates have also been recorded 
in acid soils by Abbot, Conner and Smalley (1), Hall, Miller and Gim- 
mingham ( 11 ), Houzeau ( 13 ), Petit ( 23 ), Temple ( 26 ), and White ( 29 ), 
but in the present cases only minute traces could be detected and it seems 
likely that the explanation lies in the high degree of acidity^. 

For calcium in one or two cases an alternative method was applied, 
the soil being treated with dilute HCl and the evolved COg being carried 
by a stream of COg-free air drawn through the apparatus into standard 
alkali which was subsequently titrated against standard acid first with 
phenolphthalein and secondly with methyl orange. The method showed 
that even 10-gram samples contained no detectable quantity of calcium, 
the two titrations giving identical results. The calcium content of these 
soils is therefore extremely low throughout — a fact which accords well with 
what appears now to be generally accepted concerning the association of 
calcium deficiency and the characteristic symptoms of “sourness” which 
are exhibited by these soils. In the present case, however, it may be pointed 
out that the degree of acidity alone appears amply sufficient to explain 
these characters without calling in basic ratios to explain the facts. 

The mean values of the pH values of the extracts containing 5 gm. 
soil to 20 c.c. water for all soils taken from areas of the average Calluna- 
Ulex nanus-Erica association were found to be 3*42 for the 2-inch depths 
and 3*9 for the 9-inch depths, the numbers being based on 38 and 39 samples 
respectively. The range of pH for 9-inch depths is from 4*7 to 3-1, but very 
few samples fall outside the range 4*3-3-5, only one sample having a pH 

^ The nitrate reaction could, however, just be detected in some of the soils with an extract 
of three times the stated strength, from which it appears that the nitrate content (as KNOg) 
is of the order *00027 per cent. 

* The nature of some of the nitrogenous compounds which are present in peat is dealt with 

by S. L. Jodldi (17) and (18) and by G. S. Robinson (24). 
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above this upper limit and only a few isolated cases having a more acid 
lower limit than 3*5, this occurring where there happens to be more than 
9 inches of peat. The range for 2-inch depths is from 3*9 to 2*3 but relatively 
few fall outside the range 3-0-3-6. Thus there is very considerable variation 
in the acidity even at fairly closely situated points, for which reason it was 
not considered necessary to record the acidities to more than one place of 
decimals. The 2-inch samples are almost invariably more acid than the 
corresponding 9-inch samples, as would be expected from their usually far 
greater content of organic matter, the 9-inch ones usually coming from a 
layer of light sandy soil immediately overlying the sandstone. Such a 
decrease in acidity in sandy soil below peat has also been found by 
Wherry ( 28 ) in the Middle Atlantic States and by Pierson Kelley ( 19 ) 
working on woodland soils from Chester County, Pennsylvania, who found 
an increase to 15 cm. below the surface and subsequently a decrease. The 
only exceptions to this rule of lower acidity at the 9-inch depths are found 
on bare, exposed gravel patches (cf. Fritsch and Parker ( 9 )), which are still 
uncolonised and possess practically no humus (e.g. less than 1*6 per cent.). 

In view of the fact that the acidities as determined by the electrical 
method and here recorded are of an exceptionally high order it appeared 
advisable to obtain additional confirmatory evidence of the presence of so 
large a quantity of acid by some alternative method. In some ten or so 
representative cases 10-gram lots of soil were accordingly weighed out, 
extracted with an excess of distilled water and the total titratable acids 
determined by titration of the extracts with phenolphthalein and iV/6-5644 
NaOH. The results showed that the range of acidity in terms of normality 
of the ordinary 5 gm. : 20 c.c. extracts used would be from iV x 0*761 x 10“^ 
in the case of a soil that had been burnt within the last few years to 
iV X 9*13 X 10“^ in a Molinia zone rich in humus. In all the cases taken the 
acidity by titration was somewhat greater than that found electrometrically. 
This might be expected considering the probably very weak nature of the 
acids concerned. In one case in a soil from 3-4 XY the agreement was as close 
as 3*1 by electrometric determination and a normality of Y x 1*065 x 10~^ 
by titration which (assuming complete dissociation) would correspond to 
a jpM of 2*96, but in most cases the difference was greater. 

The mean value as determined by titration on this relatively small 
number of samples is about N x 1*49 x 10”® and it is interesting to note 
that the figure is of the same order as certain values recorded by H. Jeffreys 
( 15 ) for ‘‘strongly acid” water from Wannister bog for which he gives the 
acidity determined by the same method as W x 13*2 x 10“^. The acidities 
are of a somewhat remarkable order, but when it is recalled that Olof 
Arrhenius ( 2 ) found that the rates of germination of ordinary crop plants 
such as barley, corn, cotton and wheat were only reduced respectively to 
about 1/2, 1/2, 1/3 and 1/6 of the normal rates in neutral solution when 
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grown on a soil made artificially so acid that an extract of 10 gm. : 50 c.c. 
water (approximately the same concentration as that used by the writer) 
showed a yH of 3, it becomes a little more believable that Erica and Calluna 
and their associates can permanently tolerate such hydrogen-ion concentra- 
tions as 2*3 as here seems to be the case, but fixation of nitrogen, which must 
be carried on by the fungal endophytes of these plants, does not appear yet 
to have been demonstrated in such circumstances. It has been noted by 
Healy and Karraker ( 12 ), however, also using the Clark hydrogen electrode, 
that air-dried soils showed a slightly greater acidity than fresh soil, so con- 
ditions in the field may not be so acute. On the other hand it has been 
stated by Conner ( 6 ) that moist soils show a loss in acidity on air drying. 

Lastly a single acidity determination was made for the sake of additional 
evidence on an odd sample from near 3 Y by the sugar inversion method 
described in Soil Science, 15 , 2, by Parker and Bryan. The result showed 
an inversion of *909 gm. sugar which, if one extrapolate a curve to their 
figures for more acid ranges, appears to correspond with a of about 
3-5. A soil from this region in the previous year’s survey gave 3*6 electro- 
metrically. 

Turning now to the question of the concentrations of total salts it will 
be seen that they average round a value of 4200 for the 2-inch depths and 
about 1200 for the 9-inch depths. These results are expressed as the con- 
ductivity in gemhos of the 5 gm. : 20 c.c. extracts in the particular con- 
ductivity pipette used. The pipette was standardised by finding in it the 
conductivity of a N/liM) solution of KCl, such a solution having a resistance 
of 177 ohms and a conductivity therefore of 5650 gemhos. Thus the 
values given in the tables can be obtained in terms of N/lOO KCl by 
dividing by 5650. An average sample of garden soil estimated in the same 
pipette showed a conductivity of 2600 gemhos so that it will be seen im- 
mediately by comparison that the heath soils can in no way be said to be 
particularly poor in their content of electrolytes but rather the reverse. 

It will be seen from Tables I-VI and also from Fig. 2 that the total salts 
of the 2-inch depths, as likewise the water contents, run in general more or less 
parallel with the humus content. If the two sets of tables (i .e. I, II 1 and Vwith II , 
IV and VI) be compared, however, apparent anomalies will be seen to occur 
where the alterations in total salts, etc. from one year to the next do not run 
parallel with those in humus as might be expected. Such is the case for 
instance in the first three points on the 4 line where the line runs down a 
recently burnt slope but these are special points which will be dealt with 
later under the effects of burning. In general the acidity, conductivity and 
water content run closely parallel with the humus content in the sense that 
would be expected. This is well illustrated in Pig. 2 which shows the varia- 
tions in humus, water content, total salts and along tbe 4, 12 and Middle 
lines according to the 1922 survey. The thick lines at the base of the graphs 
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represent the rise and fall of the ground and their thicknesses represent the 
approximate heights of the vegetation at different points. Continuous lines 
all refer to 2-inch depths and dotted lines to 9-inch depths. In the lower 
graphs the thick lines (both continuous and dotted) give the percentages 
of humus and the thin lines water contents, in the upper the thick lines give 
the salt contents and the thin the acidities. The following general rules will 
be noticed: 2-inch humus contents run above 9-inch humus contents (i.e. 
thick continuous lines above thick dots in lower graphs) ; 2-inch water content 
is greater than 9-inch water content unless the humus percentages happen 
to be equal or the position is deep in a valley (e.g. in the bottom graphs the 
thin continuous lines run above the small dots except at 12 DE where the 
humus contents are equal and at ML 21-22 which is the bottom of a valley). 
Salt contents run parallel with humus (i.e. thick lines in the upper and lower 
graphs vary in the same sense) and vary more in the 2-inch depths than in 
the 9-inch. 2-inch acidities are nearly always greater than 9-inch acidities 
(thin continuous lines in the top graphs run above the small dotted lines) 
and 9-inch acidities usually vary in the same senile as the 2-inch. Acidities 
run parallel with humus contents, a real relation appearing to exist between 
them as found by Salisbury for woodlands ( 25 ), but have no fixed relation 
with water content, running parallel with water content when the percentage 
of humus is very large and in the opposite sense when the humus is low and 
the water content is nevertheless high through a low position on the slope. 

The mean value of water soluble potassium in cases where it was deter- 
mined was found to be 0-()54 per cent, and of soluble aluminiuni 0*1148 per 
cent, of the dried fine earth. 

The Effects of Wet and Dry Seasons. 

The effects of wet and dry seasons as brought out by the 1921 and 1922 
surveys are shown in Table VII which deals with the variations in water 
content and the distribution of soluble salts. Sections a-c of the table 
give the data for the individual lines, the numbers being averages of figures 
taken from Tables I- VI (see footnote to Table I), and section d shows 
means for all the tops and all the valleys taken together. It will be seen that 
in the individual cases the water content for the wet season (1922) may be 
as much as 600-7()() per cent, greater than that for the dry season 
(Table VII c), the average increases, however, as shown by the figures in 
section e, being about two-and-a-half and three times the original percentage 
for 2-inch and 9-inch depths respectively. The coefficient of humidity in the 
individual cases increases from three to seven times and in the aggregate 
(section e) becomes about three times the original value, i.e. increases by 
about 190 per cent, in both depths. It will be seen that the greatest variation 
in actual water contents (VII d) is found in the 9-inch depths on high ground, 
the next greatest in 2-inch depths on high ground to which the 9-inch valleys 
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run very close and the least variation in the 2 -inch depths in the valleys. 
These points, however, as seen in section d of Table VII, do not probably 
present the matter quite in its true light, as part of the 4 line which has been 
included in calculating these means had been burnt only about a year 
previously to taking the 1921 observations. The values for the water contents 
and the coefficients of humidity therefore become anomalously high in the 
valleys in the first (dry) season through the increased facility of drainage 
down the slopes. The effect of including the values for the 4 line is thus 
erroneously to reduce the apparent percentage increases in these values 
from 1921 to 1922 by making the means for 1921 appear much too high. 
Probably the correct impression is that given in Tables VII d' and e', where 
the values have been calculated neglecting the anomalous 4 line. From these 
values it will be seen that the greatest variation in actual water content is 
really in the 2-inch depths in the valleys, the next greatest in 9-inch depths 
in the valleys, next in 9-inch tops and least in the 2-inch tops though even 
here it is increased by 188 per cent, or to nearly three times. The general 
increase is to about three-and-a-half times in both 2-inch and 9-inch depths 
but the valleys experience both a higher water content and a greater range 
in water content than the “tops.” (See footnote to Table I, p. 37.) 

Probably of greater importance are the variations in water content 
compared with the amount of humus, or the variations in the coefficient of 
humidity. These are also recorded in section d and their corrected values 
ignoring the 4 line in section d'. It will be seen that the humidity is fre- 
quently greater on the tops of the slopes than in the valleys, especially in 
the 9-inch depths in a wet season where it seems to be universally so (VII a, 
b, c), and in 2-inch depths in both seasons in the case of the very old heath 
on the 12 line. Otherwise the coefficient of humidity for 2-inch depths is 
distinctly greater in the valleys (VII a and c), the valleys also experiencing 
far greater fluctuation in humidity in the different seasons as far as their 
2-inch depths are concerned (VII d'), the 9-inch depths fluctuating very 
much less than the 2-inch and by almost exactly the same amount on the 
tops and in the valleys. The changes in the coefficient of humidity or “ effec- 
tive wetness” of the soil run closely parallel with those in actual water 
content in the case of the 2-inch depths but appear to show a less marked 
relation in the 9-inch depths, a large increase in water content leading here 
to a relatively small one in the coefficient of humidity (VII d'), especially 
in the valleys. This result might be expected since in the 2-inch depths the 
humus must be responsible for holding practically the whole of the water, 
while in the 9-inch depths where most of the water would, owing to the 
relative paucity in humus, be held by the sandy mineral fractions of the 
soil any increase in the amount of humus (as has here taken place) would 
naturally considerably depress the coefficient. Where the water is originally 
held mainly by the sand the action of added humus might be compared with 
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that of a sponge, reducing the ‘‘ wetness” produced by a given water content, 
so that the relatively low increase in the 9-inch depth coefficient (80 per cent.) 
is evidently explained by the incident that a particularly large increase in 
the percentage of humus happened to take place at this depth during this 
year, as shown in the last column of section d' of the table. 


Table VII. Mean Values of the water content, humus content, coefficient of 
humidity, and total salts compared for high- and low-lying ground in 
dry and wet seasons (1921 and 1922). 







Coefficient 




Water content 

Humus 

of humidity 

Total salts 

Position of 

^ A 


^ A. 


A 



A 









samples and year 

2" 

9^ 

2^ 

9" 

2" 

9" 

r 

9" 

r 4 line, tops, 1921 

5-3 

3-6 

17-4 

1-5 

06 

2 3 

2988 

1027 

1 1922 

22-5 

9-3 

137 

1-8 

2-5 

6-7 

3267 

1305 

"1 4 line, valleys, 1921 

53-6 

6*3 

24-8 

6-2 

32 

1-3 

4440 

1978 

1 1922 

34- 1 

14-5 

16- 1 

2-4 

2*5 

4-7 

4474 

2047 

(\2 line, tops, 1921 

140 

12*5 

lo-2 

2-1 

M 

2-3 

5330 

1346 

1 1922 

37-4 

12*6 

24*8 

4-2 

2-4 

4-0 

4858 

2103 

1 12 line, valleys, 1921 

14-7 

4-2 

24-3 

1-8 

0-7 

2-7 

6384 

2341 

1 1922 

80*2 

18-5 

50-9 

5-8 

2-2 

3-8 

10777 

3085 

TML, tops, 1921 

5-3 

4-8 

12-4 

2-3 

0-4 

2-1 

2883 

1199 

1 1922 

22-4 

25-2 

7-9 

3-1 

2-8 

8-1 

3508 

2232 

1 ML, valleys, 1921 

8-2 

3-7 

14-4 

1-7 

0-0 

2-2 

1432 

1432 

1 1922 

60-9 

171 

16-7 

4-0 

3-6 

4-3 

5140 

2205 

/Mean values: 

1 AU tops, 1921 

8-2 

4-3 

16-5 

1-8 

0-70 

2-31 

4100 

1174 

1922 

25-9 

14-9 

15-() 

2-8 

2- 00 

6-80 

3755 

2270 

1 Valleys, 1921 

29-8 

5-3 

21*7 

3-8 

1-76 

1-83 

4350 

1790 

{ 1922 

60-4 

16-5 

26-2 

3-8 

4-43 

4-88 

6470 

2390 

Increase? shown by tops: 









216 % 

247 % 

-9-0% 

05 

271 % 

194% 

- 8-3 % 

+ 93 % 

1 Increase shown by valleys : 








89 % 

212 % 

21 % 

0-0 

152 % 

167 % 

49% 

34 % 

(General increase on basis of all samples taken: 






1 

151 % 

199 % 

3-5 

48 % 

195 % 

190% 

2-5 % 

77% 


Table VII. Sections d' and e\ 

(The Table gives the mean values for the water contents and coefficients of humidity for high 
and low ground in dry and wet seasons calculated as in Table VII, sections d and e, but ignoring 
the 4 line which is anomalous through having been in part recently burnt.) 

Coefficient 


Position of 

Water content 

A 

of humidity 

A 

Humus 

samples and year 

2" 

9^ 

2^ 

9" 

t 

2^ 

9^ 

'All tops, 1921 

9-7 

5-2 

0-77 

2-29 

15-8 

2-2 

1922 

27-9 

17-9 

2-65 

6-86 

15-8 

3*5 

Valleys, 1921 

12-0 

4-0 

0-69 

2-20 

19-4 

1-75 

1922 

73-1 

17-8 

5-72 

3-96 

33-6 

4-9 

Increase shown by tops 

188 % 

244% 

242 0/^ 

200% 

0-0 % 

59 % 

Jnorease shown by valleys 510 % 

345 % 

758 % 

80% 

73 % 

180% 

General increase on basis 

of all samples taken except the 

4 line : 



247 % 

266 % 

325 % 

179% 

14% 

81 % 
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Concerning the effects of a wet season on the redistribution of soluble 
salts it would appear from a superficial glance at the figures in the last 
columns of Table VII d that the effect has been to cause a considerable 
increase in the conductivity of the 9-inch depths (93 per cent.) on the tops 
at the expense of the 2-inch depths and an all round increase in the valleys. 
The appearance happens to be roughly correct in so far as the valleys are 
concerned but is misleading for the tops, since in taking the changes in the 
amounts of soluble salts as an indication of the leaching effects it is evidently 
not sufficient to take only the actual salt concentrations into account but 
the salt concentrations compared with the percentage of humus. If the amount 
of humus present be also taken into account it is found that there isu. general 
loss by both depths at the tops and a general gain by both depths in the 
valleys, the 2-inch depths in both cases changing by the greater amount. 
Thus the lower layers (9-inch) on the tops do not gain in salts by leaching 
from the upper layers as appears from Table VII d, but the apparently 
greater quantities of soluble salts in the 9-inch depths are only due not to 
leaching but to an incidental increase in the percentage of humus. The true 
effects of leaching during the wet season may be gathered from Table VII f 
in which the ratios of total salts/humus are compared for the different layers 
in the two seasons. The changes in this ratio are taken to be a fairer indication 
of the leaching or drainage effects than those in actual conductivity, since 
changes in the latter are not only due to leaching but also to variations in 
the amount of humus present. 

It is taken, moreover, that a measure of the effect of leaching or drainage 
on any part of a slope is given by the difference between the change in 
salts/humus ratio for the relevant part of the slope and the aggregate change 
for the whole slope. Thus supposing that there were found to be in one year 
an aggregate increase in the amount of salts per unit amount of humus 
of 1 per cent, it is taken that if no leaching or drainage occurred the salts/ 
humus ratio at all points on the slope would show an approximately uniform 
increase of 1 per cent. If now leaching or drainage cause a redistribution 
of the salts the ratio will decrease in some places and increase in others. 
If in some particular region the ratio were found to have increased by 5 per 
cent, the drainage or leaching effect would be taken to be proportional 
to 4, since there would have been an increase of 1 per cent, without any 
leaching and the leaching has accounted for an additional change of 4 per 
cent. If in another part there were no change in the ratio leaching would 
have accounted for a loss of the 1 per cent, that would have been normally 
gained if no leaching had occurred. The leaching effect on any soil given in 
Table VII f therefore is the difference between the percentage change in 
the ratio of salts/humus for the relevant part of the slope and the aggregate 
percentage change in the ratio for the whole slope. 
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Table VII f. Changes in the saltsjhumus ratio and the effect of leaching 
and drainage from 1921 to 1922. 


Soil samples from which 
the results are calculated 

Year 

Means based on all samples taken 'j 


from the 4-, 12- and middle lines | 

1921 

(35 samples in 1921 and 40 in j" 
1922 from each depth) j 

1922 

Increase 

— 

All tops ... 1 

1921 

1922 

Increase 

Leaching effect 

— - 

All valleys | 

1921 

1922 

Increase 

— 

Leaching elTect 

-- 


Mean values of rat io of 
total salts/hunuis 


t 

r 


9" 


308 


090 


427 


018 




38 



— 0 ‘ 

/o 

320 


730 


439 


()74 



34-5 % 

— 

- 7*7 

• * /o 


3-5 % loss 

— 

1*7 % loss 

224 


oil 


372 


.■530 




— 

r; ()/ 

A) 

— 

27-3 % gain 

— 

11 gain 


It will be seen from the table (VII f) that the leaching effect on 2-inch 
depths on high ground has been to cause a loss of 3*5 per cent, since there 
has only been a gain of 34-5 per cent, instead of 38 per cent., and the effect 
on 9-inch depths on high ground has been to cause a loss of 1-7 per cent, 
as the decrease is 7-7 per cent, instead of only 6 per cent, and so on. The 
means^ at the beginning of the table show that there has been a general 
increase in total salts during the year’s interval of 38 per cent, in the 2-inch 
depths and a slight decrease (6 per cent.) in the 9-inch. In the aggregate 
then there is no gain in salts by loss through leaching from the upper layers. If 
leaching due to greater rainfall played a part in increasing the salts at 9-inch 
depths at the expense of the supply in the 2-inch depths a greater increase 
in the concentration of salts per given amount of humus should be found 
in the 9-inch layers after a wet season than in the 2-inch layers but actually 
on the tops the proportion of salts to humus in the 9-inch layers has decreased 
and in the valleys has only increased to less than half the extent shown by 
the 2-inch depths. It is to be concluded that there is a general loss on the 
tops, the 9-inch layers losing more by drainage than they receive by 
leaching, and a large increase in the valleys which is much more pronounced 
in the 2-inch depths than in the 9-inch. 


Table VII g. 


Ratios of 


salts Ihumus for wet season 
salts fhurnus for dry season * 


Mean values: 




2" tops 

1-345 

All tops 

1-05 

9^ tops 

0-923 

All valleys 

1-24 

2'" valleys 

1-660 

All 2" depths 

1-61 

valleys 

1-060 

All 9^ depths 

0-974 


1 Founded on 37 samples in each year from each depth. 
Journ. of Ecology XIV 
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Table Vll h. Salts/humus ratio for the 12 line slope in 1921 and 1922. 


Top, 12 AB 
Bottom, 12 12 Z 



Salts 

Humus 

Salts/humus 

ratio 


2" 

2 " 

2 " 

( 1921 

0250 

32-7 

191 

\ 1922 

0666 

36-4 

183 

} 1921 

6890 

294 

234 

i 1922 

18150 

92*8 

195 


That the wet Beason does not cause the 9-inch layers to gain appreciably 
at the expense of the 2-inch is also seen from the figures in Table VII g 
which not only bring out the greater increase on the low-lying ground at 
the expense of the high in a wet season but also show that the salts/humus 
ratio has increased in the aggregate to 1*61 times its original value in all 
the 2-inch depths taken together and has decreased slightly, to *97 of its 
original value, in the aggregate 9-inch depths. 

The effects of leaching on burnt ground will be dealt with below. 


The Effects of Fibes. 

The effects of fires on the soil are shown in Table VIII, the first part of 
the table giving the results in individual cases as shown by comparing the 
properties immediately before and immediately after the fires and the last 
part of the table giving the aggregate results as shown by means. 

It will be noticed (cf. Fritsch and Salisbury ( 10 )) that on the average 
a fire leads to the destruction of 60 per cent, of the original humus in the 
surface soil (leaving, e.g., 8*6 per cent, instead of 20-9 per cent.) and only 
about 8 per cent, of that lower down at the 9-inch level. The effects, however, 
are distinctly different according to the age and height of the vegetation 
that is burnt and the consequent actual total amount of humus originally 
present in the soil. In relatively young heaths, burning, it will be seen, leads 
to the destruction of 66 per cent, of the original organic matter in the 2 -inch 
depths, but in the case of very old heath, hesning Calluna to a height of 3-4 feet 
and with a very high original percentage of humus, as much as 70 per cent, 
of the original humus may remain after firing. In consequence of the destruc- 
tion of the humus the water content of the 2-inch layers falls on the average 
to about one-third of its original value, but that of the deeper layers is 
practically unaffected or may slightly increase through the more ready 
percolation (see page 59) from the upper layers. 

Concerning the effects on the concentrations of soluble salts, it is to be 
supposed (see below) that the immediate effect is always to increase the total 
salts though this can only be demonstrated in soils where a large amount of 
humus is left after burning and the analysis can be made at a very short 
interval after the fire. It is only shown in Table VIII in the case of 12 AB, 
the only one where these conditions were obtained, but is probably a general 
feature and due to the liberation of salts from the burnt plant remains. 
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A few months after the fire, as shown by the means at the bottom of the 
table, the general effect is a decrease in total salts both in the 2-inch and 
9-inch depths. The resulting reduced concentration of salts is on the aggre- 
gate about 70 per cent, of the original concentration in 2-inch depths and 
86 per cent, of the original in 9-inch depths. The results are explained by 
the more ready leaching after the destruction of the humus (see p. 59) 
and naturally the effect is, as shown by the table, greater in the surface 
than ih the lower layers. Burning then leads to a serious loss of salts, since 
the leaching effects when the humus is destroyed more than balance the 
gains of salts from the plant remains. 


Table VIll. Effect of burning. 


Water 

content J^umus 



8oil 

Burnt 

^ A,. 

- — ^ 

. A 



sample 

in 

2" 

9" 

'2" 

9" 


/^4 4 A 

1923 before 

30-3 

lOO 

Jl-9 

2-2 



„ after 

9(1 

7-8 

8-5 

23 


4AB 

1023 before 

13*5 

()-8 

5(» 

0-0 


4 BO 

„ after 

8-2 


4-9 

— , 

Young 

1923 before 

7-2 

50 

ms 

2-2 

heaths" 

150 

„ after 

(j’2 

— 

1*3 



1924 before 



— 

7(> 




„ after 


— 

O-O 

1-5 


4 A-C 

( ( after 

170 

7‘7 

181 

1-7 


aver. 

8-0 

7-8 

4-9 

2-3 


rl2 AB 

1924 before 

417 

1-7 

3()-4 

13-3 

Old 1 


,, after 

— 



— 

lioaths'l 

,12 12 A 1024 before 

31-5 


27 3 

— 

1 

[12 B 

„ after 

...... 

__ 

22-4 


Mcian 

values 

for \ before 

3()() 

1-7 

31-8 

13-3 

oldest heath 

j after 


— 

22*4 


Means for younger ( before 

17-0 

7-7 

15-5 

17 

heath 


1 after 

8-0 

7-8 

5-2 

19 

Means of all values \ before 

24*8 

(il8 

20-93 

2-07 

together 

1 after 

8-0 

7-8() 

8-58 

1-90 


Total 

salts 

(Joeflicient 
of humidity 

8alt8/hu 

ratio 

mus 

pH 






r~' 




2^ 

9" 

2" 

9' 

2" 

9" 

2!* 

9" 

3920 

1350 

2-54 

4-81 

328 

613 

3-2 

39 

2700 

1105 

M3 

3-39 

318 

480 

3-3 

3-2 

2320 

793 

2-41 

11-42 

415 

1320 

3-1 

3-6 

1598 

— 

1-67 

— 

326 

— 

3-4 

— 

3030 

1340 

0-20 

2-55 

82 

609 

3-4 

4-0 

914 

— 

4-70 


704 

— 

3-5 

— 

1520 

— 

— 


200 

— 

3-6 

— 

1197 

624 


— 

199 

416 

3-8 

4-1 

3090 

1161 

1-38 

6-26 

21b 

847 

3-2 

3-8 

17.37 

1 105 

2-50 

3-39 

449 

480 

3-4 

3-2 

0660 

602 

M5 

0-13 

184 

45 

3-3 

4-0 

7140 

— 

— 

— 

— 

— 

3-3 

— 

5780 

— 

M5 

— 

212 

— 

2-7 

— 

2435 

— 

— 

-- 

109 

— 

3-5 

— 

6223 

602 

M5 

0-13 

198 

45 

3-0 

4-0 

4787 

— 

— 


109 

-- 

3-4 

— 

2698 

1161 

1-72 

6-26 

256 

848 

3-3 

3-8 

1602 

864 

2-50 

3-39 

387 

448 

3-5 

3-6 

3872 

1021 

1-49 

4-73 

232 

647 

3-2 

3-88 

2664 

864 

2-50 

3-39 

331 

448 

3-5 

3-65 


Repeated burning would therefore lead to a steady impoverishment of 
the heath in this respect and since as will be seen from what follows it would 
also lead to a steady decrease in acidity it might be expected to cause a 
degradation of the heath. Such has already been observed to be the case 
by Fritsch and Salisbury ( 10 ), so that the above results merely go to explain 
the facts already established. 

The acidity of the surface layers after burning is invariably found 
to decrease, the mean results showing a change in pH from 3*2 to 3*5 
(Table VIII). On the other hand the acidity of the deeper layers is found 
to increase slightly owing apparently to their more readily receiving the 
more acid leachings from the upper layers, as a result of which they become 
almost as acid as the surface soil. Burning thus leads to a general decrease 
in acidity, partly no doubt caused by the liberation of plant bases and partly 
by the destruction of organic acids. Since it is also evident that fires lead 


4—2 
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to the destruction of much of the colloidal matter of the soil (see below), 
it is of interest to recall in this connection that McCool and Wheeting ( 21 ) 
found that artificial removal of the colloids from soil by Chamberland 
filtration led to a decrease in H’ concentration and a decrease in the amount 
of lime water necessary for neutralisation. The effect is probably due to the 
elimination of apparent acidity due to the selective adsorption of bases by 
the colloids, so the partial elimination of this effect by the destruction of 
colloids may possibly play a part in the lowering of acidity when the colloids 
are destroyed by fires. Burning also tends to equalise the acidity at different 
layers, a tendency which runs side by side with that towards equalisation 
of texture. 

The coefficient of humidity appears to decrease somewhat both in the 
surface and Qdnch layers, but this is not shown in the 2-inch layers in the 
means owing to one anomalous result (4 BC). Neglecting this result it will 
be seen (Table VIII) that the salts/humus ratio as would be expected is 
increased considerably in the surface layers as a first effect though this 
condition is not maintained but regularly falls off with time (see Table X), 
while in the 9-inch layers the ratio decreases, probably owing to the increased 
exposure to washing out by rain. It is evidently this same factor which 
accounts for the salts/humus ratio falling off again in the 2-inch layers, 
though here it naturally takes longer to produce an effect than in the 9-inch 
layers owing to the greater amount of remaining humus. The retentive power 
of the surface layers is, however, so impaired as a rule by firing that they 
may show a continued loss of salts by leaching for as much as three or four 
years after the fire, and it is only after this time has elapsed and the soil is 
almost completely covered again by vegetation that the amounts of soluble 
salts again begin to increase, through the rate of production again coming 
to exceed that of loss. This is well shown in the case of the soils from 12 I 
and 2“3 Y in Table X, where there is seen to be a regular falling off of the 
augmented ratio value during successive years after the fire. This is un- 
doubtedly due to the destruction of the soil colloids which are naturally 
not appreciably replenished until a fairly late stage in recolonisation. The 
destruction of the colloidal matter is clearly evidenced by the difference 
between the percentages of water retained in air by burnt and unburnt 
soils. The averages of 65 and 57 analyses respectively show that the mean 
values of this “hygroscopic moisture” for unburnt soil are 4-3 per cent, 
for the 2-inch layers and 1*3 per cent, for the 9-inch depths, whereas after 
burning the 2-inch layers only retain 0*65 per cent, and the 9-inch 0*9 per 
cent. Naturally again the greater difference is in the 2-inch layers since it 
is unlikely that any very marked direct effect of firing would be felt at the 
9-inch depths. 
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Table IX. Recovery from burning. 


Water Total Salts/huraiis Interval 



Year 

of 

fire 

Year 

of 

analysis 

content 

Humus 

salts 

pH 


ratio 

after 
fire in 
years 

Soil 

( — 
r 

9"' 

r 

9'' 

2" 

9" 

' 2" 

9"' 

r 

r 

9" 

121 

1922 

1922 

13*8 

10-5 

3-5 

1*2 

1800 

1075 

3*8 

4*0 

515 

895 

i 

4XY 

1920 

1921 

1-2 

4-4 

17-3 

1*2 

4540 

1099 

— 

— 

205 

919 

. 1 

4YZ 

1920 

1921 

30 

32 

10*3 

1*0 

2380 

552 

— 

— 

231 

345 

1 

iiZ 

1920 

1921 

70-0 

8'1 

50*5 

6*4 

7410 

2007 

— 

— 

147 

417 

1 

121 

1922 

1923 

10-2 

7-9 

4*2 

1*2 

1535 

1019 

2*9 

3*7 

305 

814 

4 

ML 0-9 

1919 

1921 

7-0 

7-0 

17*0 

3*9 

3945 

1179 

— 

— 

233 

328 

2 

4XY 

1920 

1922 

12*9 

8-5 

6*7 

2*2 

2;i20 

1430 

3*0 

3*8 

340 

050 

2 

4 YZ 

1920 

1922 

15-4 

7-8 

5*0 

1*8 

2500 

1148 

3*4 

3*8 

440 

037 

2 

4 4Z 

1920 

1922 

59-5 

17-7 

31*8 

2*3 

7406 

2408 

3*2 

3*5 

233 

1073 

2 

2-aY 

1920 

1922 

25-9 

— 

10*8 

11*5 

3840 

1390 

3*5 

— 

350 

121 

2 

4-5 WX 1920 

1922 

2r)-8 

0-0 

10*2 

2*4 

0240 

1850 

3*2 

3*9 

Oil 

770 

2 

:i-4 YZ 

1920 

1922 

41 

7-5 

3*2 

0*0 

1550 

819 

3*8 

4*5 

484 

1300 

2 

ML 0-9 

1919 

1922 

24- 1 

18*3 

83 

4*4 

3577 

2008 

3*5 

4*0 

400 

002 

3 

2-3 Y 

1920 

1923 

8-3 

— 

9*3 

— 

2740 

— 

2*5 

— 

295 

— 

3 

4-5 WX 1920 

1923 

— 

— 

0*6 



2790 

2125 

3*0 

3*2 

4050 

— 

3 

3-4 YZ 

1920 

1923 

4-0 

3-8 

3*5 

2*0 

1078 

950 

2*9 

3*0 

480 

475 

3 

2-3 Y 

1920 

1924 

— 

— 

8*1 



1560 

— 

4*0 

— 

193 

— 

4 

3-4 YZ 

1920 

1924 







2*0 



615 

— 

4*0 

— 

307 

4 

36 B 

1913 

1921 

15-4 



41*8 


0070 


— 

— 

100 

— 

8 

38 B 

1913 

1921 

7-9 

— 

14*7 



2598 

— 

— 

— 

177 

— 

8 

40 B 

1913 

1921 

12'9 

— 

21*2 



4250 

— 

— 

— 

201 

— 

8 

27 C 

1912 

1921 

17-2 

— 

18*8 

— 

5880 

— 

— 

— 

313 

— 

9 

28 C 

1912 

1921 

94 

— 

18-7 

— 

3107 

— 

— 

— 

170 

— 

9 

30 C 

1912 

1921 

4-0 



11*8 



2172 

— 

— 

— 

184 

— 

9 

36 B 

1913 

1922 

21'8 



9*4 



3120 

— 

3*3 

— 

322 


9 

38 B 

1913 

1922 





7*2 



2500 

..... 

3*0 


350 

— 

9 

40 B 

1913 

1922 

— 

— 

11*0 

— 

0050 

— 

3*0 

— 

574 

— 

9 

27 0 

1912 

1922 

135 

— 

4*5 



2525 

— 

4*1 

— 

661 

— 

10 

28 0 

1912 

1922 

2L9 



10*0 



2700 

— 

4*0 

— 

255 

— 

10 

30 0 

1912 

1922 

10-7 



5*0 



2170 

— 

3*8 

— 

434 


10 

30 B 

1913 

1923 

8‘0 


12*2 



3508 

— 

3*1 

— 

288 

— 

10 

38 B 

1913 

1923 

7-0 


10*9 



3770 

— 

3*1 

— 

349 

— 

10 

40 B 

1913 

1923 

347 



150 

— 

5120 

— 

2*9 

— 

328 

— 

10 

27 0 

1912 

1923 

9-2 



14*8 



4255 

— 

2*5 

— 

288 

— 

11 

28 0 

1912 

1923 

3-5 

— 

5*7 

— 

1910 

— 

3*3 

— 

335 

— 

11 

30 0 

1912 

1923 

8-1 

— 

7*0 

— 

2220 


3*0 

— 

317 

— 

11 


Table X. Leaching after burning. 


No. of years 
Soil after lire 

121 I 

121 n 

2-2Y 2“ 

2-2 Y 3 

2-2Y 4 


Salts/humus ratio 

{ N 

2 " 

515 895 

305 815 

305 — 

295 — 

195 — 


Table XL Recovery from burning. 

The table gives mean values for groups of soils from Table IX which arc of 
the same age after burning. 


Total salts Salts/hurnus />TT 



Age of soil or in- 

Water content 

Humus 

terval after fire 

j 


k 




( 


in years 


r 

2" 

9" 

i 

13*8 

10*5 

3*5 

1*2 

1 

24*7 

5’2 

20*0 

3*1 

H 

10*2 

7*9 

4*2 

1*25 

2 

21*0 

8*1 

12*3 

3*5 

3 

12*3 

IM 

6-4 

3*2 


18(K) 

1075 

515 

895 

3*8 

4*0 

4777 

1437 

214 

559 

— 

— 

1535 

1019 

305 

814 

2*9 

8*7 

3971 

1470 

387 

707 

3*5 

3*8 

2090 

1914 

1473 

538 

3*1 

3*4 
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Table XII. Leaching on slopes after burning. 

Salts/lnimus ratio 


Years after fire 


1 


2 

^ 

9 

10 

11 


Soil 

2^ 

9" 

2^ 

9" 

2" 

2" 

2" 

i 

r 4XY 

202 

914 

340 

((.W 

— 

— 

— 

Tops H 

1 

30 B 

__ 

— 

— 

— 

332 

228 

— 

i 27 0 

— 

— 

— 

— 

— 

510 

287 

1 

^ 4 YZ 

231 

345 

445 

038 

— 

— 

— 

Middles J 

38 B 

— 

— 

— 

— 

305 

349 

— 

1 

; 28 0 

— 

— 

— 

— 

— 

354 

334 

I 

' 44Z 

147 

410 

233 

1072 

— 

— 

— 

Bottoms J 

40 B 

— 


— 

— 

573 

328 

— 

1 

30 0 

— 

— 

— 


-- 

434 

319 


Table XII a. 


Giving average values for the salts/humus ratio for high and low ground in two successive 
years of observation, calculated from the figures in Table XII, above. 



Salts/humus 



Increase 

A 

o 

o 

lA'aehing effect* 




r 





2" 

9" 

2" 

9^' 

2" 

9" 

Means of all observations, 1st year 

350 

558 

— 

— 

— 

— 

2nd year 

325 

787 

-8-7 

710 

— 

— 

Tops, lat year of observation 

370 

914 

— 

— 

— 

— 

2nd „ 

307 

050 

-171 

-28‘8 

-8-4 

-100 

Middles, 1st j ear ,, 

313 

345 

— 

— . 

— 

— 

2nd „ 

370 

638 

20-0 

85*0 

28-7 

130 

Bottoms, 1st year „ 

385 

410 

— 

— 

— 

— 

2nd „ 

293 

1072 

-240 

158-0 

-15*3 

80-0 


* = difference between actual increase and the moan increase shown in the first line of the table. 


The general effects of leaching on burnt areas are roughly similar to 
those already described for unburnt areas as far as the surface layers are 
concerned, namely a loss of salts at the top of the slope and a gain at the 
base (cf. p. 49), as shown in Tables XIl and XII a. Unlike the unburnt 
slopes, however (cf. Table VII f), the effect instead of being less at the 
9-inch depths is far more marked than in the 2-inch depths, the 9-inch 
layers at the tops of the slopes losing in the aggregate 28 per cent, of their 
salts instead of gaining 71 per cent., so that the leaching effect is proportional 
to 100, and the 9-inch layers at the base acquiring double their original 
salt content. On more or less recently burnt slopes, as will be seen from the 
table (XII a), the 9-inch layers in the middles and at the bottoms of the 
slopes do increase in their salt content through leaching from the surface 
and 9-inch soils at the tops. All the normal effects are therefore as would 
be expected much more pronounced on the burnt than on the unburnt slopes, 
but the retentive properties of the surface soils are so impaired that even 
the lowest 2-inch soils here, unlike those on unburnt slopes, appear to lose 
more by leaching than they receive by drainage. 

The means at the top of the table (XII a) show distinctly the gain here 
by the 9-inch layers at the expense of the 2-inch, but the gains by both 
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depths in the middles of the slopes appear to be almost without explanation. 
For some reason it appears that the middles were by far the poorest regions 
in salts before the fires so that on the increased supplies of drainage water 
they could themselves gain salts from above but at the same time pass on 
a solution sufficiently weak to cause further washing out of salts from the 
2-inch depths lower down the slopes. A clue to the mechanism of this gain 
by the middles and simultaneous loss by the valleys immediately below 
may lie in the fact that the middles only receive drainings from one direction, 
and these may be very concentrated through the ready leaching from burnt 
ground above, whereas the valleys will be washed by larger quantities of 
drainage water from possibly three different directions, and this water, 
coming, as it may, in large part from ground that has not been recently 
burnt, is likely to be much more dilute than the solution received by the 
middles of the slopes. 

To summarise then the effects of burning on salt content it may be said 
that the first effect is to increase the total salts present (see 12 AB in 
Table VIII and the abnormally high values at the beginnings of Tables X 
and XI). The added salts are then rapidly diminished by leaching (Table X) 
and the reduction continues until colonisation and the production of new 
humus check the process and cause the salts/humus ratio again to increase 
(Table XI). The decrease through leaching is much more pronounced than on 
unburnt ground, especially in the 2-inch depths in the valleys, and goes on 
for longer on the upper parts of the slopes than on the lower, the lower 
ground soon regaining salts through leaching from above. The lower ground 
would then perhaps be expected to be more hospitable for colonisation 
than the upper and as compared with older land would be more favour- 
able for the development of deeper rooting forms such as Calluna and 
Ulex nanus (cf. Fritsch and Salisbury ( 10 )) through the relatively higher 
salt content of its 9-inch layers. 

Recovery prom Burning. 

The process of recovery from burning is best illustrated by Table XI 
which gives the mean results calculated from the data in Table IX. In this 
table (XI) averages have been taken for all soils of the same age since the 
last fire (i.e. with which equal intervals have elapsed since last being burnt). 
It shows a gradual increase in acidity during the first three years from a 
pH of 3*8 to 3*1 in the 2-inch layers and from 4-6 to 3-4 in the 9-inch layers 
and also serves to illustrate the march of changes in the salts/humus ratio. 
After the first few months the ratio is still high but falls to a minimum about 
the end of the first year, after which it again regularly increases. This is well 
seen in the 2-inch depths but is not so distinct in the 9-inch, as the last two 
values appear too low. The increase in the actual quantity of humus is best 
realised by comparing the percentages shown in the 1922 and 1923 analyses 
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of soils from 36 B, 38 B, 40 B, 27 C, 30 C, 12 I and 3-4 YZ (see Table IX). 
As would be expected the increase is a general phenomenon in recovering 
soil, the relatively few examples which may be found in the tables where the 
reverse appears to take place (e.g. 28 C and 4-5 WX) being fully explained 
by incidental causes such as reburning, but some of these cases will be dis- 
cussed later. 

Effect of Height on Slopes. 

Results have been collected in Table XIII to show the variations in 
water content, humus content, total salts and acidity at.,different heights 
on slopes. In each group of figures the top line gives the value for tops, the 
next the intermediate value or values at half way heights and the bottom 
one the figures for the valleys. It will be observed that the water content 
is almost invariably considerably greater at the bottoms of the slopes than 
on the tops but that general rules cannot equally well be laid down for 
humus content, acidity or content of total salts. With respect to humus 
the figures are not at all diagrammatic but show few exceptions to the general 
rule that there is usually distinctly more humus in the valleys. That this is 
the general rule is clearly brought out by the means shown at the end of the 
table (XIII), which it will be seen bear a fairly good relation to the individual 
cases, and also by a comparison of the humus contents for tops and valleys 
already given in Table VII d. In Table XIII also the aberrant figures are 
readily explained by the differences in the character of the vegetation at 
the different heights which are brought about by the erratic nature of some 
of the past fires. Other things being equal, i.e. with the same association at 
the same stage throughout the whole slope, there is more humus in the valleys 
as brought out by the groups of figures in Table XIII, the bottom figures 
in these groups being usually greater than the top ones. 

The total salts are usually greater in the valleys than on the tops, this 
point being shown both by Table XIII and Table VII. The reason appears 
to be twofold: firstly, the higher water content (see Table VII) favours a 
more luxuriant growth and a greater formation of humus and secondly, the 
low ground, as established in Table VII f, receives leachings from the higher. 

In the case of acidities the gradient may be either upwards or downwards, 
i.e. the upper part may be more acid than the lower or vice vetsd. Acidities 
on slopes cannot therefore be said to run side by side with water content or 
humus, but the determining factor appears to be the nature of the valley 
vegetation, which is more variable than that of the summits. It will be seen 
from the table (XIII) that the mean results show a greater acidity in the 
valleys and that this also holds in six out of the nine individual cases. It 
has been shown by Conner (( 5 ) and ( 6 )) that soils rich in organic matter 
showed greater acidity when fully saturated and those low in organic matter 
were more acid when only half saturated, so that if differences in the water 
and humus contents were responsible, it appears that the opposite relation 
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Table XIII. Variation of pro'perties with height of slope. 

Water Total Coefficient Salts/humus 


Age of 
vegetation 
Slope in years 

content 

Humus 

salts 

of humidity 

ratio 

pH 


'r 

9'' ' 

2'' 

9^ 

r 


( 

r 

9^' 

< 

r 

9" 

2" 

9^ 

(36 B 9 

( 21-8 

— 

9-4 

— 

3120 

— 

2-5 

— 

332 

— 

3-3 

— 

FI |.38B 

I 

— 

7-2 

— 

2560 

— 

— 

— 

366 

— 

3-6 

— 

(40 B 

i ~ 

— 

11-0 

__ 

0050 

— 

— 

— 

573 

— * 

3-0 


(27 B 10 , 

( 13-5 

— 

4-5 

— 

2325 

— 

3-0 

— 

616 

— 

4-1 

— 

F2 J28B ' 

21-9 

— 

10-0 

— 

2700 

— 

2-1 

— 

255 

— 

4-0 

— 

(sob 

1 10-7 

-- 

5-0 

— 

2170 

— 

3-3 

— 

435 

— 

3-8 

__ 

Valley A, 2 i 

f 12-9 

8-5 

0-7 

2-2 

2320 

1430 

1-9 

3-9 

340 

650 

3-6 

3-8 

west, 

4 line 

15-4 

7-8 

5-0 

1-8 

2500 

1148 

2-8 

4-3 

440 

038 

3-4 

3-8 

[ .59-6 

17-7 

31-8 

2-3 

7400 

2468 

1-9 

7-7 

232 

1072 

3-2 

3-5 

Valley B, 6 

[ 10-8 

7-0 

4-5 

0-5 

2350 

627 

2-4 

13-8 

522 

1254 

3-0 

4-3 

west, 

1 18-0 

13-4 

1-7 

3-0 

2895 

2220 

1-1 

4-4 

1700 

740 

3-5 

3-8 

4 line 

1 13-4 

15-2 

14-9 

2-0 

2172 

2172 

0-9 

5-9 

146 

835 

3-9 

4-2 


[ 12-5 

1(5-2 

4-0 

2-8 

2102 

2322 

2-7 

5-8 

450 

828 

3-9 

4-0 

Erica slope 8 

f 21-9 

— 

10-0 

1-25 

5700 

1098 

1-4 

— 

350 

878 

3-1 

3-4 

1 11*2 

5-9 

.5-1 

2-45 

2500 

1050 

2-2 

2-4 

505 

428 

3-2 

3-8 


27-0 

9-3 

25-2 

3-14 

.5000 

1885 

1-1 

3-0 

199 

000 

3-3 

3-3 


[ 39-7 

8-5 

28-3 

3-7 

0250 

1910 

1-4 

2-3 

221 

515 

3-3 

3-7 

Opposite 7 

Erica slope 

1 34-8 

34-3 

l«-3 

1-9 

4540 

1605 

2-1 

18-0 

278 

875 

3-5 

4-0 

1 14-8 

5-7 

2-2 

0-0 

1784 

533 

0-0 

9-5 

81Q 

888 

3-4 

4-0 


8-2 

— 

(5-1 


1430 

— 

1-3 

— 

234 

— 

3-7 


29-5 

102-5 

10-1 

2-4 

3035 

1480 

2-9 

42-7 

300 

015 

3-4 

3-3 


1 92* 1 

25-(5 

5-07 

4-3 

4030 

2500 

1-8 

0-0 

795 

581 

3-8 

4-1 

Valley A, 0 

r 20-7 

— 

8-9 

2-9 

3920 

1072 

2-3 

— 

440 

370 

3-2 

3-6 

cast, on the 

16-6 

(5-8 

30-8 

2-2 

3032 

1340 

0-5 

3-1 

82 

010 

3-4 

4-0 

4 lino 

13-5 

(5-8 

5-(5 

()0 

2320 

793 

2-4 

1.3-0 

414 

1320 

3-1 

3-0 


3025 

10-() 

M-9 

2-2 

3920 

1350 

2-5 

4-8 

330 

013 

3-2 

3-9 


1 59-5 

17-7 

31-8 

2-3 

7400 

2408 

1-9 

7-7 

232 

107 

3-2 

3-5 

Valley B, Over 15 

f 71 

21-8 

2-0 

7-7 

1885 

3030 

2-7 

2-8 

725 

394 

3-9 

3-2 

west, on the 

1 10‘1 

7-(5 

2-3 

— 

1428 

722 

4-4 

— 

020 

— 

3-8 

4-3 

12 line 

1 185 

9-5 

7-1 

3-4 

2752 

1738 

2-0 

2-8 

387 

510 

3-5 

3-5 


1 41-7 

9-5 

17-8 

2-3 

0450 

20.30 

2-3 

4-1 

303 

1144 

2-9 

.3-8 

Valley A, Over 15 

1 C4-7 

8-3 

21-9 

1-04 

5710 

1000 

3-0 

8-0 

251 

900 

3-2 

4-2 

east, on the 

1 41-7 

— 

3(5-4 

— 

0660 

— 

1-1 

— 

183 

— 

3-3 

— 

12 lino 

1 89-4 

2()-(5 

97-9 

9-0 

10000 

4700 

0-9 

2-8 

102 

496 

2-9 

3-1 


1 133-5 

20-7 

92-8 

8-4 

18150 

425 

1-4 

2-5 

195 

506 

2-9 

4-1 

Means: All tops 

23-1 

10-1 

10-1 

2-5 

3451 

1417 

2-3 

7-1 

418 

707 

3-4 

3-8 

Intermediates 

24-8 

18-(5 

17-5 

3-1 

3430 

1615 

2-3 

8-8 

481 

656 

3-4 

3-64 

All bottoms 

5(5-9 

10-0 

25-4 

3-7 

0820 

2103 

2-1 

5-2 

390 

679 

3-3 

3-8 


should hold and that the greater acidity should be found on young heaths 
at the tops and on old heaths in the valleys, where there is a higher water 
content. Thus in old ground acidity and water content should run parallel, 
if the rule applies, and the greater acidity be found in the valleys, while 
shortly after fires the reverse should be true, but such is not the case 
(see especially Valley A, west, i line in Table XIII). The effect is therefore 
apparently not merely related to the water content or humus, but depends 
as suggested above upon the nature of the vegetation at the bottom of the 
slope. It is significant that in the three cases where the valley was found 
to be less acid, the base of the slope was occupied by a special zone of 
Ulex europaeus and Pteris, A particularly well marked zone of this type 
existed also at the junction of the valleys A and B round 20-21 YZ and 
special samples from this region showed that such zones were associated 
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with a lower acidity, the being only 3-9. This appears to be the explana- 
tion of the lower acidities at the bases of the three slopes in question, 
viz. valley B, west, 4 line, the Erica slope and opposite the Erica slope. The 
last named is particularly suggestive, as the type of vegetation here only 
changed at the very base and it is accordingly only the last pH value going 
downwards which shows the decreased acidity, the intermediates showing 
the normal tendency to rise towards the valley. 

In the six cases which obey the rule of higher acidity in the valley it is 
further to be observed that the effect is very much more pronounced in 
the case of the oldest vegetation such as that of the 12 line slopes at the 
bottom of the table than in the younger slopes. This may be related not 
only to the direct effect of the greater percentages of humus on these slopes, 
especially at the bases, but also to the fact that less drainage appears to 
take place on the old ground than on the young, so that the valley acidity 
would be less ameliorated by washing through with drainage water than 
it appears to be on the younger slopes. The drainage effect and washing out 
of the valleys evidently decrease markedly with increasing age of the 
vegetation. Owing to the accumulation of large quantities of humus water 
is retained instead of being allowed to wash out the lower layers and is 
re-evaporated from positions high on the slopes. This theory that there is 
less travel of drainage water down the slopes on old ground is supported by 
the figures given in Table VII h for the changes in the salts/humus ratio 
at the top and bottom of the 12 line slope between 1921 and 1922, which 
testify to the lack of drainage effects here as compared with other slopes. 
It will be remembered that in the aggregate (Table VII f) the salts/humus 
ratio increased for 2-inch depths by 38 per cent, in the year, but after the 
wet season had increased in the valleys more than on the tops owing to the 
washing of salts down the slopes. Here, however, there is no general increase 
(Table VII h), probably because the zone was already so old as to have reached 
a state of equilibrium. It therefore only shows a loss of salts from the 2-inch 
layers to its 9-inch depths, and in the valley the salts/humus ratio has 
actually fallen off rather more than on the top, showing the lack of drainage 
effects down the slope. Possibly the gradual elimination of this drainage 
effect with vegetation of increasing age may be a factor favouring the de- 
velopment of a much higher acidity in the valleys as compared with the tops. 

Experiments on the Percolation of Water and Salt Solutions 
THROUGH Burnt and Unburnt Soils. 

It has been assumed in a number of connections in the foregoing sections 
that a soil after burning would more readily allow water and salts to drain 
through it than an unburnt soil, and that in consequence salts would be more 
readily leached on burnt areas and would be more readily drained to the 
lower levels of a burnt slope than an unburnt. 
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It seemed advisable therefore to make a few laboratory experiments 
upon burnt and unburnt soils to establish that this is actually the case. 
Experiments have therefore been carried out on the permeabilities of 
dilferent samples of water and salts, the permeability of the unburnt soil 
being found first and then compared with that either of a natural burnt 
soil or a soil artificially slowly heated until the organic remains appeared to 
be charred to approximately the same extent as is found in the field shortly 
after a fire. 

The Percolation Rates with Water, ’ 

The permeability to water was roughly determined by finding the time 
required for the water level in a long glass tube of 3 cm. diameter and 
containing a column of soil 20 cm. high supported on gauze at its lower 
end to rise 10 cm. under a pressure of 20 inches of water. The soil was in all 
cases very carefully packed into the tube and as uniformly as possible, 
the final pressure used being always that which would just cause the column 
to slide in the tube. The upper limit of the column was defined by a piece 
of gauze supported by a glass rod so as to keep the packing uniform and the 
column the same length. The method is admittedly very rough but seemed 
sufficient for the present purpose and the values as given below are sufficiently 
different to be significant. The times taken were as follows: 

Unhunit soil ( Collected burnt soil Artificially burnt soil 


5 mins. 5 secs. 

1 mins. 

40 secs. 

0 min. 

43 secs. 

3 43 

2 

0 

— 

— 

4 37 

J 

20 

1 

0 

4 30 

— . 


— 

— 

8 10 

2 

0 

0 

43 

11 40 

0 

44 

— 

— 

1 1 r>o 

0 

r>o 

1 

0 

Means: 7 mins. 4 sees. 

1 min. 

20 secs. 

0 min. 

54 secs. 


It is then evidently quite legitimate to assume that drainage is much 
facilitated by burning whether in the laboratory or in the field. 

Rates of Drainage of Salts. 

The leaching and drainage rates of burnt and unburnt soils collected 
from about 2-3 X were compared by the following method. A column of 
soil 20 cm. high, carefully and uniformly packed as in the determination of 
percolation rates (see above), was supported by a piece of wire gauze resting 
on the inturned edge of a glass tube 3 cm. in diameter and 50 cm. long, the 
soil having been air-dried and crumbled before packing. The tube was marked 
at 10 cm. above the soil level (the volume of the tube between the top of 
the soil and the mark being roughly 66 c.c.). The soil was then thoroughly 
washed through from above with tap water at a constant head of 10 cm. 
for half an hour until the water draining through had a constant conductivity. 
The resistance of the drainings was measured at intervals and it was found, 
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as would be expected, that their concentration was greatest at first and fell 
off with time but that with unburnt soil it eventually fell to about half 
the concentration of the tap water which was being supplied at the top. 
The soil therefore gives up electrolytes to the washings at a decreasing rate 
but in the end must be absorbing electrolytes from the in-going solution. 
The reason for this behaviour is not altogether clear, but it suggests either 
that the tap water happens to contain electrolytes which are more readily 
absorbed by the soil than are the substances which were originally present, 
or that some substance in the tap water forms a compound with something 
present in the soil which is either insoluble or less dissociated. 

When the drainings reached a constant conductivity the liquid over the 
soil was allowed to drain just to the soil level and replaced by 50 c.c. of 
1 per cent. Tidman’s sea salt solution with which the tube was kept filled 
to the mark by means of a dropping funnel supported above. The emerging 
solution was allowed to fall into 1000 c.c. of distilled water in a reservoir 
below and the rate of increase of conductivity of this water was measured 
by successive readings for half an hour, the rate of increase being taken to 
give a measure of the facility of salt-drainage through the soil. 

After half-aii-hour the salt solution was allowed to drain to the soil level 
and the tube was again kept tilled to the mark with tap water. The con- 
ductivities of successive five minute fractions of “leachings” were then 
measured to find the rate or the facility with which the salts could be 
washed out. The results are set out in Table XIV and plotted in Fig. 3. 

The results indicate that although the burnt soil showed more ab- 
sorption at the very beginning, its leachings coming out initially less con- 
centrated than those from the unburnt soil, it allowed its leachings continu- 
ously to increase in concentration for 15 minutes and then only retained 
sufficient salts from the tap water to reduce the concentration of the latter 
by 15 per cent., whereas the unburnt soil allowed no increase in the con- 
centration of its leachings from the beginning, absorbed electrolytes from 
the tap water continuously from the fifth to the 107th minute after the 
start and reduced its concentration to 53 per cent. It might be argued that 
the conductivity of the leachings from the burnt soil is still high at the end 
of half-an-hour because it has only been giving up its salts slowly, and that 
that from the unburnt soil is already low because it has lost all its salts 
quickly and has no more to lose. If, however, this were the correct inter- 
pretation, obviously the values of the resistance of the solution from the 
burnt soil should have been rising to their final value and those of the 
unburnt soil should have been falling. The reverse is true in both cases so 
evidently the first interpretation is the correct one and the unburnt soil 
is the more retentive of absorbed salts. 

In the second part of the experiment it is seen that in equal times the 
burnt soil allowed times as much water to pass as the unWrnt soil and 
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Table XIV. Experimental results on, the rates of drainage of water 


and salts through burnt and unhurnt soils. 


(1) 

First extraction with 
taj) water 

(II) 

Rate of drainage with 1 % 
Tidman’s sea salt solution 

(HI) 

Washing out of sea salt 
with tap water 

_A_ 

t 



Resistance of 


Resistance of the 


of the successive 


the drainings 


water receiving 


fractions of 


in ohms 


leachings in ohms 

Time of 

the drainings 







collection 











Time 

Burnt 

Unburnt 

Time 

Burnt 

Unburnt 

of fraction 

Burnt Unburnt 

1 mins. 

soil 

soil 

in mins. 

soil 

soil 

(minutes) 

soil 

soil 

1 

690 

515 

0 

10,000 

10,000 

i 

20 

— 

2 

660 

525 

i 

2,060 

— 

i 

20 

— 

r} 

660 

550 

1 

880 

10,000 

u 

30 

— 


670 


o 

300 

— 

2 

— 

20 

10 

665 

720 

3 

190 


.3 

70 



13 

640 

— 

1 

140 

— 

4 

120 

20 

1.^) 

650 

880 

5 

no 

10,000 

5 

195 

20 

20 

650 


() 

90 

— 

6 

240 

— 

25 

650 


7 

80 

— 

7 

288 

— 

40 

— 


8 

— 

3,220 

8 

340 

— 

50 

(560 c.( 

\ 975 

10 

60 

1,040 

10 

410 

20 


passed) 
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— 

II.1 

— 

630 

12 

470 

— 

74 


980 

13 

— . 

430 

15 

535 

30 

82 


990 

14 

— 

360 

20 

600 

— 

86 

— 

990 

15 

50 

— 

20-25 


220 

95 

— 

990 

16 

— 

260 

25 30 


400 

107 

— 

1030 

17;. 

— 

210 

60-65 

— 

640 

117 


1030 

20 

— 

170 

— 

— 


— 


(650 c.c. 

24 

— 

120 

— 

— 




passed) 







— 


— 

25 

40 

— 

— 

— 


— 

— 

— 

274 

— 

100 



— 



— 

— 

30“ 

40 

90 

— 

— 

— 

— 

— 

— 

— 

(.3(»0 c.c. 

(1.55 c.c. 

— 

— 

— 





jmssed) 

passed) 





allowed as much salt to be washed through in six minutes by 72 c.c. as the 
unburnt soil in 30 minutes by 155 c.c. (viz. enough to bring down the 
resistance to 90 ohms). It therefore appears to be about five times as efficient 
in allowing salt drainage, so far as rate is concerned, and to require less than 
half the amount of water to remove the same amount of salts. 

The third part of the experiment, dealing with the washing out of the 
salts contained, shows that the rate of washing from the burnt soil is about 
50 times the rate from the unburnt soil, the percentage increases in con- 
ductivity over given equal intervals (e.g. the first 15 minutes) being respec- 
tively 50 per cent, for the unburnt soil and 2675 per cent, for the burnt. The 
time required for the first signs of change in conductivity in the case of the 
burnt soil is also only a tenth of what it is for the unburnt, so that it may 
be safely concluded that leaching and drainage on slopes in nature are con- 
siderably facilitated by burning. 
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The Soil Properties of Special Zones and in Relation to 
Special Ecological Features. 

The relation between the properties of the soil and the ecological charac- 
teristics of the vegetation growing upon it are brought out by Table XV 
which has been constructed from the analyses of several soils from each type 
of zone, each soil being analysed in three different years and the results 
averaged together. The method of making these averages should preclude 
the possibility of the differences in the figures being due to seasonal varia- 
tions or other irrelevant causes. The figures explain themselves and the table 
is easily read but attention may be drawn to one or two of the points which 
it shows. Fritsch and Salisbury (10) have pointed out that some years 
after firing the vegetation normally attains a phase in which Colima^ 
Ulex yianus and Erica are simultaneously dominant. This may be taken to 
be the average condition of the heath and is extensively represented. (It 
will be alluded to here, as in Fritsch and Salisbury’s paper, as C.IJ.E.) 

Table X V. A verages for soils from sj)ecial zones. 

Water Hygroscopic I'otal Coefficient 



content 

moisture 



Humus 

pH 


salts 

of humidity 

Zone 

' 2 " 


' 2 " 

9'' 

V' 

— \ 

9" 

2 " 

9" 

.)// 

9^ 

^ 2 " 

9" ' 

Average Calluna- 

18-7* 

8-l() 

4>3 

1-3 

14-2 

2-2 

342 

3-9 

3825 

1455 

1*3 

3-3 

(Ilex- Eric a 

((if))* 

(57) 

(48) 

(49) 

(50) 

(48) 

(38) 

(30) 

(113) 

(63) 

(65) 

(57) 

Vacemium (7)t 

43-3 

7-2 

54 

3-7 

360 

2-2 

3-2 

3-5 

7879 

1383 

1-2 

3-3 

Molinia {!) 

42-7 

124 

5-8 

34 

244 

12-6 

3-30 

3*36 

5881 

2144 

1*8 

1-0 

Ana, 25 B (2) 

104 

8-3 

2-3 

l*(i 

4-7 

1-5 

3-5 

3-7 

2162 

1525 

2*2 

5-5 

Burnt areas on west side of Valley B 
IJhx nanus [Vj 54 54 

with: 

1-8 

0-(i 

3-7 

10 

3-3 

3-7 

1793 

750 

L5 

54 

Erica cinerea (3) 

7 1 

2-0 

1-9 

0-2 

134 

5-3 

3-0 

3-8 

3159 

1427 

5-3 

3-8 

Ptfris aq. (3) 

19-7 

3-9 

44 

0 4 

5-6 

1-7 

34 

3(i 

4765 

1715 

3-5 

1*9 

Poor6Vd/w?ja(250-Z)( 1) 2-3 

— 

04 

— 

40 

-- 

2-9 


1368 

— 

0-6 

— 

Erica tetralir (4) 

21-2 

14-7 

2-4 

2-9 

115 

5-2 

3-3 

3-8 

34()(i 

2700 

1'8 

2-8 

Gravel (4-5 J) (2) 

IM 

11-8 

22 

24 

20 

1-7 

40 

3-8 

1795 

1880 

5-5 

6-9 

Burnt areas 

8-0 

7-8 

0(i5 

0-9 

8-6 

1-9 

3-5 

3-65 

26()4 

864 

0-9 

41 


(24) 

(4) 

(24) 

(4) 

(24) 

(4) 

(16) 

(4) 

(24) 

(4) 

(24) 

(4) 


* The values are based on all appropriate samples taken in 1921, 1922, and 192.‘1, tlu' number of determina- 
tions which have been averaged being given by the figures in brackets in each case, 
f Figures in brackets in this column apply to the whole line. 


Table XVI. Figures taken for com/parison from paper by II. Jeffreys (16). 



Water content 

Humus 

Coefficient 
of humidity 

Acidity 
as given 
(::.^e.e. A/ 10 
acid/ 100 gin. 
soil) 

Acidity 
expressed as 
pH of 

50 gm./20 c.c. 
ex tract 

Callunetum 

60-7 

25-3 

24 

4-94 

2-91 

Pteridetum (1) 

170 

70 

24 

1-6 

34 

(2) 

214 

6*7 

3*2 

18 

3-35 

Molinietum 

774 

12-2 

6-3 

2-86 

345 
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The first row of figures (Table XV) is for such average C.U,E, and is 
based on a fairly large number of samples, the numbers of readings used 
in obtaining the means being given in brackets. The readings for special 
zones may all be compared with these means in deciding whether they are 
abnormally high or abnormally low in any particular respect. 

Soils on which Vacciniurn is a prominent feature are characterised by 
being very rich in surface humus and soluble salts and possessing a high 
water content, but whether the high water supply or the richness of the soil 
is the more important factor there is nothing to suggest. Vaccinium is 
tolerant of a high degree of acidity, being associated with soils which are 
unusually acid both in their 2-inch and 9-inch depths, the respective pH’s 
being 3*2 and 3-5. It is more so apparently than any other species mentioned 
with the exception of Erica cinerea. Vaccinimri can support an acid soil 
provided it be very wet but Erica will become dominant on a still more 
acid soil when the water content is very low. The figures for Erica in the 
table are those for a specially well marked zone on the west side of valley A. 
The valley slope here had been burnt in 1920 and showed in 1921, 1922 and 
1923 along this side three very obvious, well-marked and distinct zones, 
the boundaries between them running at right angles to the direction of 
the valley, of which the first was dominated by Erica, the second by Ulex 
nanus and the third by Pteris, In each case the dominant constituted 
quite 80-90 per cent, of the vegetation in the three years mentioned though 
they were becoming less marked in 1924. Similar zonations were observed 
here by Fritsch and Parker in 1913 and are figured in Fig. 1 of their 
paper (9). The figures for each of these zones are recorded in the table (XV) 
as burnt areas with Erica, Ulex nanus and Pteris respectively. The zone 
with dominant Erica shows with one exception for its surface layers the 
most acid mean pH in the table, though the 9-inch depth is almost as 
alkaline as any. In this Erica zone then there is a greater difference between 
the acidities of the 2-inch and 9-inch depths than in any other situation 
and the fact, though it does not go in any way to explain the zonation, is 
probably significant in connection with the rooting depths of the plants 
concerned. Erica as shown by Fritsch and Salisbury ( 10 ) is comparatively 
shallow rooting, but in the case of the zones dominated by plants which 
penetrate more deeply such as Ulex nanus and Pteris there is a far less marked 
difference between the acidities of the 2-inch and 9-inch layers. There is 
least difference in acidity with the Pteris which penetrates most deeply. Of 
the three zones the Erica is the most acid, the Ulex nanus next and the Pteris 
zone the least, but the salt and humus contents do not run in the same order. 
In the case of the '' Erica slope,” for which figures have already been given in 
Table XIII, the degree of acidity is slightly less and the water content con- 
siderably higher. 

Definite Molinia zones appear to be characterised by high acidity 
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(pH 3*5) and to be almost as acid at the 9-inch depths as at the 2-inch 
(mean pH 3-36), in which feature they stand apart from all other cases. 
This is evidently related to the fact that the soils are altogether very rich 
in humus and that the 9-incli depths are particularly exceptional in this 
respect. If the figures for the Molinia zones in Table XV be compared with 
the average value of the two years means for valleys in general given in 
Table VII d, which here will form the fairest “control” for comparison, it 
will be seen that the water contents, the total salts and the 2-inch humus are 
large but all very close to the mean values for valleys, but that the 9-inch 
humus content is 12-G per cent, against a mean value of 3*8 ])er cent., or over 
three times the normal. This probably explains the exceptionally high acidity 
at the 9-inch depths as compared with the 2-inch, ajid is evidently related to 
the fact, to which attention is drawn by Jeiferies (14), that il/o/r/vhi penetrates 
deeply into the sub-soil and possesses root hairs at all levels, so that more 
than the average amount of humus would be formed in the deeper layers. 
The coefficients of humidity are decidedly less in the Molinia zones than 
the average values for valleys, not apparently l)ecause there is a smaller water 
content but because there is more humus (cf. “s])onge-like ” action of the 
humus referred to above, p. 47). It is also to be remembered, however, that 
some of the Molinia zones were not actually in valleys, so this comparison 
with valley means, though useful in a general way, may not be altogether just. 

The results for Molima zones fall well into line with the observation of 
H. Jeffreys (16) that ''Molinia usually grows where there is a large amount of 
humus in the soil and the water supply is peaty in character,” but whereas 
Jeffreys found the Callunetum to ])ossess a still higher acidity than the 
Molinetum, in the present case the reverse is true. It is interesting to comj)are 
the figures for the water content, humus, coelficient of humidity and acidity 
of the general C.V.E. vegetation and Molinia and Pier is zones with some of 
those given by Jeffreys. Some of the latter are quoted in Table XVI. Jeh’reys' 
results for acidity were found by titration and given in c.c. of A 710 acid 
per 190 gm. soil, so, for the ])ur})ose of rendering them roughly comparable 
with the writer's results, they are in Table XVI also converted into the pH 
values which would liave been given by a 5 gin. : 20 c.c. extract, assuming 
the acid to be completely dissociated. (This assumption is not strictly legiti- 
mate owing to the weak nature of the acids concerned, but will serve for a 
rough comparison.) Comparison of Tables XV and X VI shows that although 
the formations studied by Jeffreys were all much wetter than those of Table XV’, 
the Callunetum in particular being also much richer in humus, some of the 
results are strikingly similar. In the Molinia zones the pH’s compare as 
closely as 3-15 and 3-3, and the humus contents found by Jeffreys fall between 
the 2-inch and 9-inch values recorded by the writer. The Pteridetum also 
agrees very closely, the typical water contents being 1 7 and 21 per cent, against 
19*7 per cent., the humus 7 and 6*7 per cent, against 5-6 per cent., the co- 
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efficient of humidity being 2*4-3-2 against and the acidities identical at 
a pE. of 3-4. Salisbury, however ( 25 ), finds in the case of woodlands on 
Hythe beds (like the present soils) a pH for Pteris of 4*9 and for Vaccinkmi 
of 4-4 against the present record of 3*2. 

Soils from the Molima zones frequently showed evidence of peculiar 
properties during the determination of their acidities. The extract has the 
capacity of frothing very much like a solution of egg albumen so that a row 
of films is formed by the bubbles of hydrogen passing through the electrode 
vessel. Another peculiar proy)erty is that the solutions from these zones, after 
coming to a sort of transitory equilibrium on saturation with hydrogen and 
giving a pH reading of a normal order, were found to possess the capacity of 
“creeping” up to a higher and higher pH if the passing of hydrogen were 
much prolonged. Some of the Molinia zone solutions would creep in this way 
until showing an k.m.f. which corresponded to a pH of 9 or even 10 but 
nothing could be made out concerning the cause of the phenomenon. It was 
certainly due to some special substance or substances present in the soil 
extract and was not an artifact, since every possible precaution was taken 
and the phenomenon was persistently exhibited with different electrodes, 
different sources of hydrogen, different extracts of the same sample and so 
on, but the nature of the substances which cause it has not been determined. 
Bicarbonates might cause a slight creeping through washing out of COg but 
could not account for an effect of the order observed. The effect was only 
exhibited with extracts from definite Molinia zones (e.g. those round 20 0, 
19- 20 C and at point 0), except that it was also found in soils from gravel 
patches at 4-5 J, one soil from near the junction of the valleys A and B 
close to a definite Molinm zone, and a position in the Erica zone on the west 
side of valley A, in all of which localities Molinia occurred to some extent. 
Other samples estimated alternately with them came quickly to a final equili- 
brium in the normal way. The apparent association of the phenonienon with 
Molinia may of course be only incidental but seemed worthy of record. 

In the case of the Aira [Descharn/psia) zone for which figures arc recorded 
in Table XV the peculiarities must be found by comparison with the figures 
given for Middle Line tops in Table VII. These figures were obtained from soils 
in topographically comparable situations. A ira (Descharnpsia) fiexuosa is of 
restricted distribution on the heath and is seldom abundant, but becomes a 
prominent feature in this particular zone at 25 B. By comparison with the 
control mentioned above it will be found to be relatively poor in humus and 
salts and to be below the mean acidity. 

Erica teiralix forms well defined zones in certain places on the heath, the 
most remarkable being at 0 B and in the region of 3 J where it thrives almost 
to the exclusion of everything else. The soil is of more than average acidity 
in the surface layers but like that of the Erica cinerea zone of valley A already 
mentioned is almost as alkaline as the average at the 9-inch depths. As 
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already suggested this may again be associated with the relatively shallow 
rooting. The content in soluble salts is also exceptionally high for the deeper 
layers. 

Special zones of Triodia decMmbens, which is also of very restricted distribu- 
tion, occur on the heath but so far as all that have been sampled are concerned 
they coincide with those of Erica tetralix. 

At the end of the table (XV) figures are given for almost bare gravel 
patches on the land-slides at 4~5 J (see map) and for freshly burnt areas. 
The properties of burnt areas have already been fully discussed but the 
figures are interesting for comparison. The surface soil is less acid than that 
of any of the others except the bare gravel which is the most alkaline of all. 
Its frequent early colonisation by Molinia (cf. Fritsch and Parker ( 9 )) there- 
fore becomes at first rather surprising since Molinia is normally associated 
with high acidity. This, however, appears to be rather a manifestation of 
tolerance than of preference and the association of M olinia with lower acidity 
when not in a definite somewhat marshy ^'Molinia zone” is also well seen 
in its distribution along the 4 line (see Table II a), where it will be seen to 
coincide with the least acid zones. T. A. Jefferies ( 14 ) also observes that 
Molinia has a varied habitat, being associated with a(‘id soils but also oc- 
curring in low-lying fens which are calcareous or neutral. It is therefore 
evidently tolerant of a wide range but in the present case is only associated 
with lower acidity when there is relatively little competition. It is at first 
a little surprising perhaps that the 9-inch layers of the bare gravel should 
be more acid than a corresponding depth of a soil bearing average C.U.E. 
The fact can only be attributed to the circumstance that the gravel, being 
nearly bare, is not subject to fires, so escapes their influence in periodic- 
ally replenishing the supply of bases and reducing the acidity. It is of course 
also subject to the reception of acid drainings from C.U.E. higher on the 
slope. 

The “Poor Calluna'’' zone at 25 25 Z is a small area which has stood out 
for many years as a zone of extremely poor vegetation, on which the soil 
has never become fully covered and bears practically only very poor Callvna 
plants which rarely exceed *5-6 inches in height. It will be observed that it 
is very poor in humus and especially in colloids as shown by the air-dry 
water content. It is also very poor in salts and the acidity is extraordinarily 
high (2-9). The reason for these characteristics is not apparent. 

Bare patches. It has been observed that on fired areas definite bare patches 
may persist for many years after all the surrounding soil is again completely 
covered with vegetation. Samples have accordingly been taken from such 
bare patches and from under the surrounding vegetation with a view to 
determining the differences to which they are due. Only two sets of deter- 
minations have been made in this direction and these are given below but it 
cannot be said that they shed very much light on the question. The bare 
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patches appear in the aggregate to be more acid than the surrounding soil 
though possessing less humus and being less rich in salts, but the results are 
not at all definite and too few determinations have been made. 


P>aro ])atc}ies 
ControlM 


Salts pW 

Hum 11 8 

(1490 3-4 

9-4 

(2325 3 3 

7-8 

\327r> 3-4 

44-2 

(1018 3*05 

7(> 

Potassium and 

Aluminhtm 


In a few cases ])otassium and aluminium were estimated with the object 
of determining the relative amounts of soluble ])otassium on burnt and unburnt 
ground and on the tops and in valleys and of finding out wliether the aluminium 
content bore any relation to the degree of acidity. Estimations were made 
on four samples from to})s and on five from valleys, but the results were not 
sufficient to lead to any conclusions. The figures showed no relation between 
acidity and aluminium content, nor apparently does any relation exist between 
the contents in either potassium or aluminium and topographical position. 
An attempt has been made already by Burgess ( 4 ) to correlate aluminium 
contents and acidities in acid soils, but whereas some parallel could be observed 
when the soils were taken in groups, the mean aluminium content (^^88 p])m.) 
of soils with a more acid than 5 being greater than that (2G ppm.) of soils 
with a more alkaline pH than 5, there was, as here, no regular parallel in 
the individual cases. The percentages of potassium average roughly the same 
both for tops and valleys and in the main run parallel with the percentages 
of liumus. If any of the soils investigated had been sampled at very short 
intervals after firing, for reasons already put forward under the effects of fires, 
it seems probable that even this rough relationsliip would not have been 
obtained. 

SUMMARY 

A systematic soil survey has been undertaken of the area on Hindhead 
Common indicated in the accompanying map and defined by Fritsch and 
Parker ( 9 ). 

Samples were taken at 100 feet intervals along certain transects across 
the area, and from certain special zones of which the vegetation showed 
characteristic features, and were analysed for humus, water content, hygro- 
scopic moisture, acidity, calcium, nitrates, total salts and in a few cases 
aluminium and potassium. 

The Jiaper deals with the effects of wet and dry seasons, leaching and 
drainage effects on slopes, the effects of fires, leaching on burnt ground, the 
process of recovery from burning, the alterations in some physical properties 
of the soil on burning and the soil characteristics of special ecological zones. 

The first characteristic of the soils in general is their very high acidity, 
the mean pH for an extract of 5 gm. soil in 20 c.c. of water being 3*4 for 
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2-inch depths and 3-9 for 9-ineh depths. The 9-inch depths are almost in- 
variably less acid than the 2-inch. The range of is 3*9~2-3 for 2-inch 
depths and 4- 7-3*1 for 9-inch depths. 

In dry and wet seasons the greatest variations in the coefficient of humidity 
are found in surface layers on high ground and the least variations in surface 
layers in the valleys. The 9-inch depths , are intermediate, the tops again 
varying more than the valleys. On old ground a wet season leads to a loss 
of salts by the tops and a considerable gain in the valleys. 9-inch layers, 
however, do not gain at the expense of the 2-inch layers. 

Fires lead to the destruction of 60 per cent, of the original humus in 
relatively young heath but only about 30 per cent, in older heath, where the 
soil is particularly rich in humus. The colloidal properties of the organic 
matter which remains are always much impaired. Drainage of salts into the 
valleys becomes more pronounced, and the 9-inc4i layers in the valleys at least 
do now show a considerable increase at the expense of the salts lost by the 
high ground and surface layers. The total salts are at first increased but are 
then rapidly leached out until well below normal. They continue to fall 
through further leaching until a lat(‘. stage in recolonisation (possibly for six 
to eight years), when sufficient new humus is formed to check the process. 
The valleys are [)robably more hospitable for recolonisation through their 
higher salt content gained by this drainage. Tlie acidity is always decreased 
by a fire and owing to the equalisation of textun? becomes more similar at the 
2-inch and 9-inch de])ths. 

During recovery from burning there is a gradual increase in humus and 
acidity and lastly in salts. The increase in acidity is more rapid in the valleys, 
so that the bottoms of the slopes come again to be considerably more a(nd 
than the to})S. A factor aiding the production of relatively high acidity in 
the valleys may be the reduction in the ameliorating drainage effects through 
the greater accumulation of hiimus. 

A method is develo})ed for the (piantitative evaluation of the extent of 
leaching and drainage effects on slopes as shown by the changes in the ratio 
of salts to humus at different levels. 

Laboratory experiments show that water and salts pa^s more readily 
through burnt than unburnt soils and that absorption of salts is diminished 
by burning. A greater loss by leaching and drainage would therefore be 
expected on l)urnt than on un burnt areas. This is found in practice. 

The soil characteristics of special ecological zones such as areas dominated 
by Erica telralix^ IJlex 7iarms^ Pleris aqidlina and FttccfnLc/a, or in which 
Molinia or Aira (Dcf^chanipsia) flexuosa become prominent features are 
briefly discussed and can be gathered from Table XV. 

The results for certain zones of poor vegetation, gravel and bare patches, 
and concerning the distribution of potassium and aluminium are also given 
in the text. 
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In conclusion my thanks are due to Professor Fritch, both for the facilities 
offered me and for his advice and criticism. I am also much indebted to 
Dr Salisbury, who has been occasionally troubled for the sake of his helpful 
suggestions, and to many of the advanced students of this Department, who 
have been of great assistance to me both in the laboratory and in the field. 
Lastly, many thanks are also due to Mr W. A. Olanville, formerly of the 
Engineering Department here, who has carried out a special survey of the 
Heath and prej)ared an accurate map of the paths and contours, a copy of 
which has been used in the preparation of Fig. 1. 


LITERATURE 

(1) Abbot, Conner and Smalley. “Soil Aciditv and Nitrification.” ImL Agr. Exp. Sta. Bull. 

170, .327. 

(2) Arrhenius, Olof. “The Potential Acidity of Soils.” Soil Science, 14, No. 3, 223, 1922. 

(3) Bryan, O. C. “Effect of Acid Soils on Nodule Forming Bacteria.” Soil Science, 15, No. 1, 

37, 1923. 

(4) Burgess, Paul S. “A Comparison of Acitivo Aluminium and Hydrogen Ion Concentrations 

in Widely Sejiarated Acid Soils.” Soil Science, 15, No. 5, 1923. 

(5) Conner, S. D. “The Effect of Drainage on Soil iVcidity.” Science, v. 46, No. 1188, ,346. 

(6) Conner, S.D. “Soil Acidity as Affe^^ted by Moisture Conditions of the Soil.” Journ. Aar. 

Res.\S, 321, 1918. 

(7) Deherain. “Nitrification in Arable Soils.” Exp. Sta. Hec. v. 6, No. .7, .3.53--366, 1884. 

(8) Fred, E. B. and Davenport, Audrey. Journ. Agr. lies. 15, No. 8, 317. 

(9) Fritsch and Parker. “The Heath Associations of Hindhead (V>mmon.” New Phytologist, 

12, 191,3. 

(10) Fritsch and Salisbury. “ Further Observations on the Heath Associations of Hindhead 

CoTnmon.” New Phytologist, 14, 191,7. 

(11) Hall, A. D., Miller, N. H. J. and Gimmingham, C. T. “Nitrification in Acid Soils.” 

Proc. Roy. Soc. B. 80, No. ,739, 196. 

(12) Healy, Daniel G. and Karraker, Perry E. “The Clark Hydrogen Electrode Vessel 

and Soil Measurements.” Soil Science, 13, No. 5. 

(13) Houzeau, Auguste. “Faits ]jour servir ariiistoire de la Nitrification: corajmsition des 

Terreaux de Tantah,” Ann. Chim. et Phys. s. 4, t. 25, 161-167, 1872. Abstr. in Journ. 
Chern. Soc. v. 25 (n.s. v. 10), 465, 1872. 

(14) Jefferies, T. A. “The Ecology of the Purj)Ie Heath Gnass.” This Journal, 3, 93, 1915. 

(15) Jeffreys, H. “ I’he Vegetation of Four Durham Coal Measure Fells.” This Journal. 4, 1 74. 

(16) Jeffreys, H. “The Vegetation of Four Durham ('oal Measure Fells, 111.” 33iis Journal, 

5, 129, 1917. 

(17) Jodidi,S. L. “3 Jie (3H?mical Nature of Organic Nitrogen in Soil.” Iowa Agr. Exp. Sta. 

Bull. No. 1, 1911. 

(18) Jodidi, S. L. “ The Chemistry of Soil Nitrogen.” Journ. of the Franklin Inst. 175, 483, 1913. 

(19) Kelley, Arthur Pierson. “Soil Acidity, an Ecological Factor.” Soil Science, 16, No. 1, 

1923. 

(20) Lipman, C. B. and Wank, M. E. “The Availability of Nitrogen in Peat.” Soil Science, 

18, No. 4, 1924. 

(21) McCooLM.M. and Wheeling, L. C. “ The Influence of tlKi Removal of (k)lloids on some 

Soil Properties.” Soil Science, 18, No. 2, Aug. 1924. 

(22) Noyes, H. A. and Conner, S. D. “Nitrates, Nitrification and Bacterial Contents of Five 

Typically Acid Soils as Affected by Lime, Fertiliser, Crops and Manure.” Journ. Agr. 
Res. 16, 27, 1919. 

(23) Petit. “Nitrification dans les Terres humif^res acides.” A?m. Sci. Agron. ann. 30 (s. 4, 

ann. 2), sem. 2, No. 4, 397, 1913. Abstr. in Expt. Sta. Rec. v. 30, No. 5, 424, 1913. 

(24) Robinson, C. S. “Organic Nitrogenous Compounds in Peat Soils, II.” Mich. Agr. Coll. 

Exp. Sta. Bull. No. 7, 1911. Reviewed by Herbert Philip in Journal of the American Peat 
Society, 5, 101. 



F. M. Haines 


71 


(26) Salisbury, E. J. “Stratification and Hydrogen Ion Concentration of the Soil in Relation 
to Ijoachingand Plant Succeasion with Special Reference to Woodlands.” This Jouknal, 
9, 220, 1921. 

(26) Temple. “Nitrification in Acid or Non -basic Soils.” Ga. Agr. Exj). Sta. Ball. 103, 1914. 

(27) Warring^ton, Robert. “Nitrification and Denitrification.” JJ.B. Dep.Aqr. Exp. Sta. Bull. 

8 , 42-70, 1892. 

(28) Wherry, E.T. “ Oliservations in the Soil Acidity of Ericaceae and Associated Plants in 
the Middle Atlantic States.” Proc. Acad. Nat. Sci. Philadelphia, v. 72, 84 - 1 l,‘l, 1920. 

(29) White. “Nitrification in Relation to Reaction of the Soil.” Penns. Agr. Exp. Sta. Ann. 

Repi. 70-80, 1913-1914. 



EPHARMONIC RESPONSE IN CERTAIN NEW ZEALAND 
SPECIES, AND ITS BEARING ON 
TAXONOMIC QUESTIONS 

By H. H. ALLAN. 

{With twelve Figures in the Text.) 


A. INTRODIK^TOKY 

The development of genetics and of ecology in recent times is reacting 
strongly on taxonomy, and will have a more and more profound influence 
as accurate knowledge of organisms in the field and in the experiment garden 
increases. The problems of variation and the delimitation of species are being 
viewed from new angles, and systematic work is becoming increasingly 
coloured by the new conceptions, while the effect upon evolutionary specula- 
tion is no less evident. 

New Zealand floristic botany has been dominated by the conceptions of 
that jmnceps botariirorum, Sir J. D. Hooker, but admirable as are the floras 
produced under his inspiration it is becoming clear that a vast amount of 
intensive work lies before the taxonomists of the future, now that it is seen 
that variation cannot be accepted as a datum or put aside as a trifling matter, 
but must be analysed, as far as may be, according to its diverse causes. The 
dictum of Lotsy ( 20 , p. 41), “inheritable variability does not exist,” must 
be proved or disproved — it cannot be neglected. Hooker ( 18 , p. viii), from 
his extensive knowledge of plants the world over, both wild and cultivated, 
living and stored in herbaria, was led to conceive of species as being widely 
spread and very variable. He says {Lc. p. xiii) : “ The result of my observations 
is, that differences of habit, colour, hairiness, and outline of leaves, and minute 
cliaracters drawn from other organs than those of reproduction, are generally 
fallacious as specific marks, being attributable to external causes, and easily 
obliterated under cultivation. It has hence been my plan to group the indi- 
viduals of a genus which I assume after careful examination to (jontain many 
species whose limits I cannot define, that the species shall have the same 
relative value as those have of allied genera whose specific characters are 
evident.” As an illustration he takes Blechnum capense {Lomaria procera) : 
“The resident may find two varieties of this and of many other plants, re- 
taining their distinctive characters within his own range of observation (for 
that varieties often do so, and for a very uncertain period, both when wild 
and also in gardens, is notorious), and he may have to travel far beyond his 
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own island to find the link I have found, in the chain of forms that unites the 
most dissimilar states of Lorn aria procera] but he can no more argue thence 
for the specific difference of these, than he can for a specific difference between 
the aboriginal of New Zealand and himself, because he may not find inter* 
mediate forms of his race on the spot” (l.c. p. xiv). 

Following these lines of thought taxonomists dealing with New Zealand 
material have tended to unite groups which, however distinct their extreme 
members, are connected by a series of '‘intermediates,” the species then being 
spoken of as “variable.” Carried to its logical conclusion Hooker’s view 
justifies the action of Mueller ( 21 , cited in 4 , p. 446) in groiiping together 
all the Australian and New Zealand, and most of the South American, gentians 
under the one name Genliana saxosa ! The fact that we may find a form in 
South America that is a link ” missing in a chain of forms in New Zealand does 
not seem to prove anything, unless we know the causes operating in the two 
countries to produce the intermediates. Whether we give the Maori and the 
various types of Europeans in New Zealand, varietal or specific status matters 
little. Intermediate forms are common enough, and the reason for them is 
well enough known ! The finding of a race having intermediate characteristics 
in, say, one of the Pacific Islands would be interesting, but would not explain 
away the half- and (piarter-caste. 

However far from com})lete our analysis is, we now know that intermediates 
fall into several distinct classes. We have: (1) Aggregate species made u]) of 
a number of distinct mlcros])ecies- the Linneons and Jordanons of Lotsy 
{l.c. p. 27) — that remain constant when self-fertilised; e.g. certain varieties 
of Hebe mlicifoUa ( 11 , p. 200), Into the vexed question of their origin, whether 
mutational or what not, we need not here enter. (2) (froups in which the 
intermediates are apogamous races, whether their origin be by hybridisation 
or not, e.g. certain forms of Erophila verna ( 22 , p. M). (6) Groups of inter- 
mediates due to hybridisation. These groups may be (a) inconstant forms, 
not breeding true, e.g, x Coprosma Carnmighamii ( 2 , p. 310), or {h) constant 
forms, breeding tnud. (4) (froups of intermediates due to epharmonic response 
to environment. Possibly in certain causes such intermediates may ultimately 
become constant, or certain of the forms may, as suggested by Cockayne 
( 10 , p. 25) for Edwardma prosirala. (5) (froups in whicli individual differences 
occur that cannot at present be assigned to any known cause. In general, 
e.g., the juvenile form of Aristofelia can be correlated with its en- 

vironment as epharmonic, but the wonderful minute differences in leaves on 
individual plants defy analysis (Fig. 1). It is easy but not enlightening to 
speak of them as “fluctuating,” “spontaneous,” and so forth. When A. serraia 
occurs in company with A. fruticosa forms of the hybrid < A. Colensoi will 
be met with, and the confusion becomes worse confounded. 

' Such supposed “constant hybritjs” need critical examination. The example of y.Gvufn 
iniermtdium, alleged by Bleui'inghem (3, f). 322) to be constant, is said by Weiss and Rosen 
{Nature, 4th Oct, 1924, p. /i(Xl) to show distinct segregation of ciiaracters in F 2. 



l-niG. 1. Leaf-tracings of juvenile Aristolella frviicosa. The leaves were irregularly placed on a 
. single branch; forms on the lowest line approximate to those of the adult. 
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In nature these groups may be almost indissolubly entangled, but field 
studies supply many clues as to the most profitable lines of research in any 
particular examples of groups of intermediates met with, and it is no longer 
possible to rest content with a simple description of the polymorphy that 
exists, or with a statement that the species is very variable. And while Hooker’s 
position as regards “links,” and as to hybridisation {lx. p. xv), is no longer 
tenable, it remains true that the essay of 1853 still repays careful reading. 

Readers who wish to review the present state of our knowledge of these 
matters in the New Zealand flora, should consult (Jockayne’s important 
papers and books ( 6 - 16 ). It may, however, be well to indicate here the exact 
standpoint of Cockayne by citing (*ertain of the principles laid down by him 
as a guide for the establishment of species or varieties ( 13 , p, 161): “ (1) The 
starting point in the setting-up of species is the individual. (2) Groups of 
individuals which resemble one another in every character and reproduce 
their like, subject, of course, to unfixed fluctuating variations, constitute 
specific units and may be designated ‘microspecies.’ (1) 7’wo or more closely 
related microspecies may be united into a group for the sake of: (a) convenience 
in identification, (6) emphasizing the close relationship of minor groups 
(microspecies), (c) phytogeography. (5) Such a major group as constituted 
in (4) forms an aggregate or collective species. (15) In certain cases groups, 
otherwise well defined, seem to be united by ‘intermediates’ which cannot 
be joined to such groups or made into one or more species. Such ‘interme- 
diates,’ according to the teachings of genetics, may be assumed to be hybrids 
between microspecies . ’ ’ 

The following sections deal with certain examples of epharmonic response, 
roughly classified, that have come under my observation, and that bear on 
the questions raised in the introduction. The subject deserves extended 
study and would repay monographic treatment. I use the term epharmony 
to apply to all changes in the form of an organism traceable to varying 
conditions of the environment. 

B. (CHANGES JN LEAF SIZE, SHA1*E AXJ) l EXTUHE 

(a) Ranunculus Monroi var. denlaius. Kirk (19, p. 9) relies on the fol- 
lowing leaf-diflerences in separating the variety: R. Monroi^ leaves rounded 
reniform or nearly orbicular or ovate; crenate or crenate-dentate; glabrate 
or sometimes silky or villous — var. dcnlaiuH, leaves broadly ovate or ovate- 
lanceolate; crenate, lobed, or dentate; clothed on both surfaces with strigose 
ferruginous pubescence. Cheeseman ( 4 , p. 12) accepts the variety, and only 
refrains from creating it a species owing to the “occurrence of numerous 
intermediates.” 

On Mt Peel, Canterbury, grows a plant referred to the variety, as a rock- 
plant from c. 950 m. upwards, descending along streams to much lower 
elevations. The changes in size and in the degree of tomentum on the leaves 



7 a Epliarmonic Response in New Zealand Species 


is most striking, as shown in the following table. A complete series of inter- 
grading forms can be found according as the degrees of shelter, shade, root- 
room, and moisture change. Moreover I have produced similar changes in 
garden-grown specimens from the various habitats. Plants, also, taken from 
the rocks and replanted in a sheltered nook by a stream-side, grew in the 
course of two seasons into forms indistinguishable from those of plants growing 
naturally in the same spot. A plant intermediate between C and D of the 
table planted among the summit rocks grew into a form closely approximating 
to A. 

Epharmony in Ranunculus Monroi Hook. f. 


Specimen from exposed Specimen from sheltered S])ccimen from stream- Specimen from stream- 
rock -cleft c, 1300 m. rock-cleft c. 1300 m. side c. 900 m. side in shade c. 850 m. 


A 


B 


0 


I) 


Leaves 


3-5 cm. by 2-3-5 cm. 

Coriaceous, broadly 
ovate, crenate 

Tornentum ex tremely 
dense ; below of shaggy 
ap|)reH8ed ferruginous 
hairs, above of long 
|)ale hairs 


5-8 cm. by 7-9 cm. 7-12 cm. by 7 -10 cm. 10-13 cm. by 8-11 cm. 
Sub-coriaceous, broadly Bather fleshy to sub- Thin and membranous, 
ovate, crenate membranous sub-ro- similar to C, but larger 

tund, cordate, crenate and more irregular 
3\)mentum similar to Tornentum Ix'low much Tomentum reduced to 
A but less dense and less dense; })ale b(‘low, very scant hairs below, 

paler below, above above of only scattered glabrous above 

scattered long pale liairs 
hairs 


Petioles 

1-3 cm. 

4- 7 cm. 


Densely clothed with Similar to A; shcathing- 
forruginou.s hairs; base 1-1*5 cm. by 

sheathing-base 0*3- 2-2*5 cm. 

0*5 cm, by 1*5 2 cm, 

SOAI’ES 

7-9 cm. 

15-20 cm. 


Simple or once-branched Sparingly branched to- 
tomtnitum dense, pale mentum similar to A 
brown 

Bracts 

0*5-1 *5 cm. 

1-3 cm. 


Linear to linear-Iancco- 
hitc 

Linear, lower slightly 
lobed 

Sepals 

0-8 mm. 

7-12 mm. 


Dense pale-biowri pu- 
bescence below 

Pubescence hardly 
dense, still paler 

Petals 

9-12 mm. 

9-12 mm. 


7-10 cm. 

Similar to A ; sheatliing- 
baso 1-2*5 cm. by 
3-5 cm. 

15-30 cm. 

Several times-bran died 
tomentum less dense 


3-4 cm. 

Lower dcojily lobed 
10 -13 rnm. 

Pubescence similar to B 
10 J5 mm. 


10-20 cm. 

Bather densely clothed 
with brownish hairs to 
glabrate; sheathing- 
base 2-3 cm. l)y 3-0 cm. 

20-40 cm. 

Much-branched, sub- 
cory m bose tomentu m 
rediu^od to sparse pale 
hairs 

5~() cm. 

All excejit uppermost 
de(‘ply lobed 

10-15 mm. 

Pubescenc<‘ reduced to 
scant ])ale hairs 

10-15 mm. 


It will be seen that as far as the Mt Peel plants arci concerned Kirk’s 
points of difference fall to the ground, unless by variety we merely mean an 
unstable form. This does not prevent the possibility of K. Monroi being an 
aggregate species, but proves that herbarium specimens alone cannot settle 
such questions (P^igs. 2, 3). 

Similar inter-grading forms were observed in the case of Smedo bellidioides, 
some answering to the description of var. glabralus ( 19 , p. 339), but clearly 
related to their environment. Some subalpine forms of Anisotmm aromatica 
are only distinguishable from A, imbricata by the characters of the fruit. 
The var, mcisa^ of the former species, distinguished by its flabellate or rhomboid 
leaves, is certainly a microspecies, but I have been able to alter its leaf- 




Fif;. 2. Ranunculm Monroi, forms A, B, C of tablo. 
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characters considerably in moist-air cultures (Fig. 4). Other examples of 
extremely plastic species could be given, and it seems wiser in such cases 
to use the non-committal term ‘‘form” till such time as research has differen- 
tiated the microspecies from the unfixed epharmonic forms. 



Fi( 3. 4. Left — ordinary form of leaf of A nisotome arornnlica viir. incim. Centro — leaf from same 
plant after cMiltivation in moist air. Right -leaf of tyj)ical A. aromafira. All x 3. 

(1)) Plagianlhus rlbifolkis. A detailed account of the life-history of this 
species is given by Cockayne (6, p. 269). P. Lyallii has adult leaves ovate- 
acuminate, glabrous, with stellate pubescence on the mid-ribs and principal 
veins, while those of P. ribifolius are usually merely acute, and the stellate 
pubescence is not confined to the veins, the under-surface being covered with 
a dense mat of stellate hairs, the individual hairs longer than those of P. Lyallii, 
The distribution of the species is remarkable : P. Lyallii is apparently confined 
to regions of the South Island exposed to the great western rainfall; P. rihi- 
foUus occurs in the eastern mountain region, beyond the limit of western 
rainfall. Cockayne says (6, p. 272), “It is ecologically of extreme interest 
that a character seemingly so trivial as a slight variation in hairiness of leaf 
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has led to these two species not having intermingled, although they approach 
in places to within only three or four miles from one another at the most; 
and it shows, moreover, how an apparently unimportant character may 
govern the climatic distribution of a plant. It may also be pointed out that 
both forms thrive equally well side by side in lowland gardens where the 
rainfall is slight, and the characters of each, so far as I have been able to 
ascertain, remain unchanged.” 

Now P. ribifolius is a plentiful plant on Mt Peel, forming groves at eleva- 
tions above the general forest line, and descending as occasional plants into 
the forest of tlie upper plains. The forest is true rain-forest, and the environ- 
ment perfectly suited to P. Lyallii, l)ut it does not occur. In dense shade 
by the sides of streams the Mt Peel plant, elsewhere typical becomes 

a shrub the leaves of which are almost identical with those of P. Lyallii, 
being much more acuminate, and having the pubescence practically confined 
to the veins. Earely one finds sj)ecimens showing both forms of foliage. It 
would seem that research is required to determine whether we are not, after 
all, dealing with a spexaes sufficiently plastic to adapt itself to the very 
different conditions of habitat in which the two forms grow. It may be that 
we have here an example of an epharmonic variation that has become fixed, 
or almost so, but the question as to the taxonomic status of the two forms 
seems still open. 

(c) Olearia capillaris. This species is treated by both Kirk ( 19 , p. 268) 
and Cheeseman ( 4 , p. 285) as a variety of Olearia arborescem, the latter writer 
stating ( 5 , p. 88): ‘‘the variety capillaris, although remarkably distinct in its 
extreme form, can be traced step by step into the ordinary state.” As stated 
by (Jockayne ( 16 , p. 117) the “steps” are almost certainly due to hybridisa- 
tion. Olearia capillar is\ if that name be confined to the “extreme form,” is 
a semi-divaricating shrub with leaves ± 7 mm. long, while 0. arborescens 
is a bushy tree, with leaves f 50 mm. long. 

At the same time 0. capillaris is remarkably responsive to environment. 
Whereas the adult has leaves 5-7 mm. by 6-8 mm., broadly ovate or sub- 
orbicular in outline, with sinuate margins, juvenile plants growing in dense 
forest shade are of open habit, sparingly branched, with much larger leaves, 
18 30 mm. by 20-35 mm,, having crenate-sinuate margins. The branches are 
often more or less prostrate and rooting. Where both parents occur, there will 
occur the hybrid forms, and the status of individual juveniles will become 
very difficult to determine. It is obvious that taxonomists have here a group 
that must be taken to the experiment garden to be discriminated (Fig. 5). 
Large-leaved juveniles growing in my garden are now producing leaves of 
adult size and form. 

(d) Olearia virgata. This species has been described by both Kirk ( 19 , 
p. 276) and Cheeseman (5, p. 19) as very variable, and several varieties have 
been created. It is undoubtedly a big and difficult aggregate group, one race 






Fig. 5. Juvenile (lower) and adult (upper) forms of Oharia capillans. Fig. 6. (a) Normal and two reversion shoots of Olearia virgata var. (North Island). 

(b) Lower — grassland form of Olearia virgata var. (South Island). Upper — 
forest form of same var. 
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of which has been segregated by Cockayne (9, p. 173) as 0. lineata, a course 
which field evidence strongly supports, and further segregations will certainly 
be made. Nevertheless certain forms are very plastic, and the epharmony 
of the aggregate requires investigation before an intensive treatment can be 
satisfactorily carried out. 

In the rain -forest climate of Feilding, North Island, a very distinct- 
looking form grows as a forest-margin plant of rather densely divaricating 
habit. It is also prominent in certain swamps. The leaf-blade is coriaceous, 
quite flat, or the margins minutely recurved. The leaves are glabrate above, 
and clothed in dense, appressed tomentum below. They average 3 mm. by 
6 mm., with petioles of 2 mm. One rather large specimen, growing under 
trees of Lepio^spermtim ericoides, had been cut down and was regenerating from 
the base. The shoots were erect, sparingly branched, and the leaves thin and 
flat, averaging 8 mm. by 16 mm., with petioles up to 12 mm. The upper 
surfaces were glabrous, and the lower only thinly pubescent. A cutting from 
this has reverted in my garden in a single season to a widely divaricating form 
with leaves precisely similar to that of the ordinary form (Fig. 6, a). 

C. JN-IIOLLING AND FLATTENING OF LEAVES 

(a) Olearia virgaia var. A distinct microspecies from the one referred to 
above is common in the tussock-gravssland and swamp at Mt Peel. It is a 
rather densely divaricating shrub with branchlets slender and clothed with 
dense white pubescence. The leaves have strongly recurved margins, so that 
they become linear and semi-terete in gross outline, resembling but much 
shorter than those of 0. lineMa. They are collected mainly in opposite fascicles 
on short arrested branchlets, are dark green above with many rather long soft 
hairs, and are densely covered below with white tomentiim, among which 
are numerous scattered long hairs similar to those of the upper surface. The 
average measurements are 1-5 mm. by 7 mm., with petioles 2 mm. When 
forced flat the blades are 3 mm. wide. 

Plants are occasionally met with growing in forest shade a little way 
from the margin. The effect of the environment is to give the plant so different 
an appearance that it was considered by a prominent New Zealand taxono- 
mist to be an undescribed species, till specimens were obtained showing that 
it was another case of unfixed epharmonic response. The branches lose their 
divaricating habit, and the plant becomes a lax open shrub with scanty pubes- 
cence on the branchlets. The leaf-bearing branchlets lengthen out, separating 
the opposite pairs of leaves, which become perfectly flat and average 8 mm. 
by 17 mm., with petioles of 3 mm. The upper surfaces carry few or no hairs, 
the pubescence beneath becomes thinner, with only few scattered long hairs. 
The leaf-tip becomes minutely apiculate, instead of merely acute. 

Specimens were found on the adjacent grassland showing every gradation 
of leaf-form and size. These plants were surrounded by a dense growth of 
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tussock-grasses and Blechmmi capense. Shoots growing amidst the grass and 
fern had leaves identical with those of the forest form, and were succeeded 
above by a series becoming gradually smaller and more recurved as the 
branches reached above the surrounding vegetation, till the uppermost parts 
of the shrubs assumed the divaricating form of the open grassland. Plants 
of the latter form cultivated under shade changed into that of the forest 
(Fig. 6 , h). 


Kiu. 7. 



same plant, nat. size. 


(b) Olearia Solandri. This species, similar in many respects to 0. virgala 
but of different habit, is marked by the golden tomentum of the branchlets. 
The tomentum of the under-surface of the leaves is also said to be pale yellow, 
but it is white in all specimens examined by me. This yellow tomentum 
is often very deep toned in seaside plants, but is paler on inland ones, and is 
also less viscid. The leaves are linear or linear obovate, with mid-ribs prominent 
below and much recurved margins. They average 5 mm. in length, including 
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the petiole. Plants growing in the shade of Leptospermuni thickets have rather 
larger leaves, less recurved, and with thinner tomentum. The colour of the 
branchlets is very much paler. Reversion shoots may sometimes be found 
near the base. These are slender, erect, with thin white tomentum. The leaves 
are flat with very thin white tomentum below, and average 2()'-30 mm. in 
length (Fig. 7). 

(c) Paratrophis opaca. This species was accepted by Cheeseman with 
considerable hesitation (4, p. 633) as intermediates exist between it and 
P. microphylla. The former has leaves ■_}= 10 cm. long, the latter ± 2 cm. 




Ficj. 8. Normal and rollod-leaf forms of Paratrophis from the same plant. 

and with a distinct juvenile small lobed-leaf form. The intermediates are 
almost certainly hybrids, but there is considerable reduction of size in leaves 
of P. opacAi on trees growing in exposed situations. The form illustrated 
(Fig. 8) is probably a hybrid. Sheltered leaves are ± 3 cm., thin in texture, 
flat; leaves on the upper part of the shrub, exposed to salt gales, are of the 
same size, but more coriaceous, with the margins much recurved, often right 
to the mid-rib. They are also sub-erect on the branchlets, not spreading. 
I have observed only the one plant of this form showing leaves both flat and 
recurved, but in the same locality — Titahi Bay, west coast north of Wellington 
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— a similar recurving was noticed on specimens with leaves nearly approaching 
those of P. opaea in size. 

In these cases the leaf-inrolling is unfixed, the plants responding directly 
to the changed conditions, but in the case of Olearia nmnmularifolia and 
0. cynibifolia it is possible that an originally epharmonic change has become 
fixed. The latter differs from the former in having much recurved leaf- margins, 
and is treated as a variety of 0. nunmiularifolia by both Kirk ( 19 , p. 273), 
who suggests that it appears to be a depauperated condition, largely caused 
by the ravages of insects,” and Cheeseman ( 4 , p. 290), who speaks of its dis- 
tribution as local. 

Cockayne has been able ( 14 , p. 72) to flatten the leaves in moist-air 
cultures. He also considers ( 16 , p. 127) that hybrids between the two occur 
wild. Evidently further work is desirable on these two species. 

D. THE ASSUMPTION OF THE LIANOID HABIT 

(a) Senecio sciadophilus, a species occurring in a few scattered localities 
in the South Island, is of interest from the varieties of habit it assumes, 
though it raises no taxonomic difficulties. The following description is drawn 
up from observations at Mt Peel. The seedling has leaves spirally arranged, 
tri-lobed, or rarely tri-foliate, with the toothing of the edges less marked than 
in the adult. The slender stem may commence twining if situated near a slender 
support, but more commonly flexes over and grows along the ground, with 
ascending tip. The leaves then formed have the orbicular, coarsely toothed 
adult form, and the spiral arrangement becomes obscured by the twisting 
of the petioles. The stems branch freely, root at the nodes, and form a loose 
mat. The branches grow over logs or low shrubs in a tangled mass, or if the 
bush is taller ascend in a slightly twining manner and form a scrambling cover 
to the shrub. Long semi-erect shoots grow out, and, meeting a suitable support 
twine vigorously, or, failing support, incline over and are added to the general 
mass. Such shoots may even again reach the ground and take root. Short 
side shoots grow erect and bear the flowers. The twining is both sinistrorse 
and dextrorse, the former being more common, and these shoots may reach 
to the top of tall shrubs, there again to develop a scrambling mass of flexuous 
stems (Fig. 9). 

(b) Fuchsia Colensoi is one of the “very variable” species of the floras. 
Much of the polymorphy can be traced to hybridisation with the tree, Fuchsia 
excorticata, but there are also probably distinct microspecies, and there may 
well be, as suggested by Cockayne (10, p. 21), climbing and non-climbing 
races. The form found at Feilding, which I have briefly described elsewhere 
( 1 , p. 403), is always a scrambling liane, there being no intermediates where 
F. excorticata is absent. The plant when growing in the open forms mounds of 
interlacing stems, thus agreeing exactly with the behaviour of species of Rubi, 
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Fia. 9. The liano Henecio sciadophiliui as a loose-mat-forming floor plant. 



Fig. 11. Densely divaricating form of Coproama propinqua var. on open hill -side. 
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as described by Cockayne ( 10 , p. 22), and difEering from tie South Island 
twiggy shrub of the grasslands. 

(c) Certain herbs. Lobelia anceps assumes a variety of forms consonant 
with its habitats. The salt meadow plant is usually suberect, rather stout, with 
rather large succulent leaves. Growing on banks and cliffs it becomes prostrate 
or drooping, and with suitable substrata the stems root freely at the nodes. 
Inland forms are more slender with thinner leaves. Growing under shrubs 
the plant may be met with as a small scrambling liane with weak slender 
stems up to 1 m. long and very sparingly branched. Field studies thus suggest 
that we have one very plastic species, and not a series of microspecies, but 
experimental study is required. 

Stellaria parviflora. This is usually a small diffuse herb of the forest-floor, 
sometimes, however, forming dense matted patches. At the forest margin I 
have noted it assuming the lianoid form on shrubs and small trees. The 
ascending tips of the stems turn up through twigs and the internodes elongate. 
Slender side branches droop from these and help as supports, while short 
roots are given off at the nodes and may ensconce themselves in crevices 
and afford a firm support. The tallest example I have noted reached over 
1 m. high, but usually it is much shorter. 

Acaena Sanyuisorhae. Several varieties of this aggregate are able to 
become small lianes. In its usual growth-form the species is a creeping and 
rooting semi- woody plant forming loose mats. In rain-forest climates the 
plants, when growing amongst small bushy shrubs, become lianoid, the tips 
of the stems growing up through the branches as searcher-shoots. On reaching 
the upper part of the bush these stems branch, scramble over the shrub, and 
may again incline downward and take root. Such stems are often ± 2 m. 
in length, with sometimes abortive roots at the nodes. 

The case of the exotic grass Agrostis tenuis may be mentioned, its behaviour 
resembling that of Acaena Sanguisorbae, and occurring in similar situations. 
Sparingly branched stems over 2 m. long may be found growing over 
shrubs on the outskirts of forest. 

E. THE CREEPING AND ROOTING HABIT 

(a) Myrtus pedunculata. As pointed out by Cockayne (8, p. 19) Myrius 
pedunculaia and Leucopogon fasciculatus are examples of shrubs that have 
an erect bushy form, and also a prostrate one. In part such changes of form 
are unfixed epharmonic responses, but there are cases that are difficult to 
explain on this ground, and a critical study of the matter is much required. 
M. pedunculata is an aggregate species, there being very distinct varieties 
among the erect forms. It may well be that certain creeping forms are micro- 
specific. In the Southern Beech forest of North-west Nelson there occur 
patches several square miles in area composed of the decumbent stems of 
M. pedunculata, connected below by far-spreading, branching, horizontal 
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rhizomes. From these develop miniature thickets of erect bushy stems, the 
decumbent stems dying away. With the growth of the erect stems, and the 
dying out of some, open patches of shrubs are formed that could easily be 



Fi(,'. 12. Normal and .sJiade leaves of Coprosma propimjua var. from the same plant. 

mistaken for individual plants were the sequence not studied. In other 
forests erect forms occur in which no trace of a creeping habit can be found. 
Cyathodes acerosa, too, may form open mats, or dense bushes, the two 
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forms sometimes growing alongside one another. The phenomenon seems much 
rarer in this species than in either M. pedunculata or L. fasdculatus, so far 
as my observations go. 

A case that is certainly unfixed epharmonic response is that of Helichrysum 
glomeratum. This is usually an erect bushy shrub, but in dense forest shade, 
an unusual station, I have met it as a decumbent shrub, the long trailing 
branches rooting freely where they touch the ground. 

(b) Coprosma propinqua var. Cockayne (7, p. 378) has described the 
epharmonic response shown by C\ propinqua as a coastal plant. “ This shrub, 
in its usual stations, such as lowland or subalpine scrubs and fresh-water 
swamps, is erect with numerous more or less divaricating branches. But 

when it grows on the coast it is usually much ‘wind-shorn’ and frequently 

quite prostrate, being flattened against the rocks which emerge from the peaty 
ground, and clinging closely to their surface. But all transitions may be seen, 
from the wind-swept plant to the normal, and there is no reason to expect 
that the former form is in any way hereditary.” I have been able to study 
these changes in a variety of C. propinqua growing on Kapiti Island. The 
prostrate form grows on the large shingle banks of the coast, and the stems 
do not strike root. Probably the insolation has much to do with the growth- 
form. On the lee sides of the shingle banks the plants are less prostrate, and 
on the forest margin are of ordinary divaricating form. Growing in the shade 
the plant becomes open with much larger leaves (Figs. 10, 11, 12). Cockayne, 
however, has shown (7, p. 379) that the prostrate form of the species growing 
on Chatham Island retains its habit even under cultivation in sheltered 
positions, and considers that there is here evidence as to fixation of acquired 
characters. 

(c) Hierochloe redolens. The segregation of the microspecies of this aggre- 
gate is complicated by the presence of epharmonic forms. The following growth- 
forms were noted at Mt Peel. In the tussock-grassland the species is generally 
a robust semi-tussock grass, but when growing on the trunks of Carex secta 
in swamps, it is reduced to loose tufts. On steep moss-covered banks over 
which water trickles it is a tuft-plant with long flaccid drooping leaves. In 
the stretches of Blechnum capense on the open hill-side there is a form with 
well-developed rhizomes, the plant covering considerable patches. 

R FLOWERING JUVENILE FORM 

Of the 200 or more species of New Zealand plants that have a juvenile 
stage very distinct from the adult, a certain number have been observed to 
flower both on the adult and on the persistent juvenile base, or on reversion 
shoots of juvenile form. Dracophyllum longifolium was observed by me to 
flower while still in the juvenile form. The differences between the juvenile 
with its long, spreading leaves, arching downward, and the adult with smaller, 
narrower, stiff, erect leaves, are very pronounced. Plants that invade the 
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upper forest margin from the lower subalpine shrublands at Mt Peel retain 
the juvenile form of leaf for long periods. The growth-form is no longer fasti- 
giate, the plant becoming a shrub about 2 m. tall, with spreading naked 
branches, ending in rosettes of leaves of the juvenile form. In this condition 
the plant flowers and fruits freely. A taxonomist dealing with the two 
flowering forms, and not knowing the life-history of the plant, would certainly 
consider them two distinct species. Pennantia coryntbosa also flowers while 
still in the juvenile stage, apparently rarely, though specimens flowering on 
the persistent juvenile base and on the adult portion are more commonly 
met with. 


G. COLOURATION PHENOMENA 

Very little work has been done in New Zealand on colouration as affected 
by environmental conditions, but although we have little suggestion of the 
beautiful autumn colouration of other lands there is much interesting material 
awaiting study by the ecologist and physiologist. Here a few points germane 
to this paper are noted. 

(a) Azolla rubra. Plants of this species growing in shade have the leaves 
a beautiful sage-green. Such plants brought into the light rapidly turn the 
usual reddish colour. A number of other species could be cited showing similar 
epharnionic colour reactions, e.g. the bronzing of leaves of Rubus subpaa/peratus 
in winter, the purple colouration of Ayrostis subulata in exposed subalpine 
stations. Not tlie least striking is the purple form of the exotic Cerastium 
vulgatum in fell-field. 

(b) SchoeMUs pauciflorus. Growing in the sun-exposed swamp or bog this 
species has erect reddish stems, and when dominant forms conspicuous patches. 
It is also to be found along stream-beds and on wet rocks, where, if in shade, 
the stems are a deep green and often of a drooping habit. This change may be 
easily induced by transplanting. But, rarely, in the swamp one meets with 
plants devoid of the red colouration, growing alongside those of the usual hue. 
A study of these may show that there are two distinct varieties with constant 
colour differences, one permanently green, the other able to assume the red 
colour. 

An analogous case is that of Epilobium nielanocaulon, a plant of debris 
slopes on the high mountains, where forms with the “typicaP’ blackish stein 
and dark red leaves may be found growing alongside others with greenish 
stems and gray-green leaves. There is little doubt that these forms are constant 
varieties, but a physiological examination of the plants should give valuable 
results. 

(c) Coprosma brunnea and C. acerosa are two closely allied species differing, 
among other things, in their colour. The former, an inland plant of dry stony 
situations, has dark brown leaves and stems, the latter, confined to the coast- 
line, has yellowish stems and yellow-green leaves. Leaves in the interior of 
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the bush, in both species, are sometimes quite green. These species illustrate 
excellently the futility of relying upon herbarium specimens alone in drawing 
up diagnoses and deciding specific status, dried specimens having much the 
same colour in each case, and other differences being obscured. A fuller 
consideration of these forms is to be published elsewhere. It would seem well 
worth while to grow each in the station of the other. 

(d) Geum farmjiorum usually has green leaves. Specimens gathered by 
me high up in subalpine herb-field had deep- bronze coloured leaves. These 
plants cultivated in the lowlands retained their colouration for two seasons, 
and then gradually assumed the usual green tint. This experience suggests 
both that epharmonic responses may tend to fix themselves, and that one 
should not too hastily assume that any particular character is permanent. 

H. CONCLUSION 

These examples of epharmonic response in plants, together with those 
recorded in the literature cited, and with others that are accumulating, afford 
evidence that the taxonomist dealing intensively with species has a most 
difficult task, and that he must base his decisions regarding critical forms not 
solely upon herbarium specimens, but must take field and experimental 
studies into consideration, and bear in mind all the lines of work indicated 
in the introduction. In this critical taxonomy the phenomena of epharmony 
take a prominent place. It is the merit of the ecological outlook that it 
reinforces all branches of botany, freshens their outlook, raises new problems, 
helps the specialists to get a vista of the science as a whole, and provides 
a basis for the synthesis of their results. While Hooker’s remarks as to the 
effect of cultivation in changing the form of plants are eminently true, the 
same responsive changes to environment are found in wild plants, and must 
be reckoned with. It is evident that so far from the flora of New Zealand being 
well known we are only at the beginnings. The labours of the past have 
furnished us with the rough working knowledge on which to build the finished 
structure. 

Du Rietz ( 17 , p. 112) has said, ‘"Bine sehr produktive pflanzensoziologische 
Schule ist auf Neu-Seeland von L. Cockayne gegriindet worden,” and, as a 
humble member of that school I may here be permitted to pay tribute to my 
friend and master the founder, who has given me unstinted help and critical 
encouragement since, under his inspiration, I took up the study of botany. 


Figures 2, 3, 5, 6, 12 from photographs by B. Hobday. 
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I. INTRODUCTORY 

Those frec-floatipg unicellular plant organisms grouped collectively as 
phytoplankton comprise a plant-community as well-marked as those of ter- 
restrial macrophytes. However, although plankton species have been recorded 
as early as the latter part of the eighteenth century^, their evaluation as a 
distinct ecological unit dates from comparatively recent years. 

This intensive study has been of later years largely a response to a growing 
realisation of their importance in the economy of the sea. Here, as on land, 
the synthesis of the carbohydrates and proteins necessary for animal nutrition 
is confined to the green plant organisms, which are thus the ultimate source 
of such organised foods. The whole varied range of animal life is therefore 
dependent on the two plant-associations found in the sea, namely: (i) the 
littoral forms, consisting largely of fixed macrophytic algae with also a small 
proportion of creeping benthic forms, and (ii) the phytoplankton. Now 
although the former may support a rich fauna locally, their activities are 
restricted to a comparatively narrow zone fringing the seas, whereas the 
latter are almost ubiquitous. It follows then that the phytoplankton is the 
more important unit in considering the organisation of complex food-materials 
from sim]ile inorganic substances in the sea. 

II. CHIEF ORGANISMS OF THE PHYTOPLANKTON 

Among the phytoplankton, somatic organisation has not proceeded beyond 
the stage of the single cell as the complete individual. Within such a “soma- 
tella” (7), however, we may have a high degree of specialisation for locomo- 

^ Biddulphia {Conferva) biddulphiana, described by Smith, 1762. Ceratium {Cercaria) tripos, 
described by 0. F. Muller, 1781. ' 
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tion, flotation, nutrition. Even where a social habit is adopted for better 
flotation, each cell retains its physiological independence. 

Of those species which have succeeded in maintaining an existence in the 
free-floating habitat, by far the greater number belong to the Diatomaceae 
or the Dinoflagellata. The former are the more abundant in North temperate 
and polar seas, particularly in spring and autumn, while the latter abound in 
warmer regions. 

(i) Diatoms. 

The plankton diatoms exhibit great variety of forms, most of which are 
variants of the centric type, and are symmetrical either radially or about a 
median plane. Coscinodiscus, one of the simplest and commonest s])ecies, is 
almost drum-like in shape, the numerous discoid chloroplasts lying along the 
inside of the frustule-wall, and the nucleus being suspended in the centre by a 
densely granular protoplasmic bridge. This genus consists in all of some 45 
species, including some of the largest diatom species (Fig. 1 i). 

Several other common species are developmental forms from the Coscino- 
rfiscifcs-type ; in Thalassiosira the frustules are connected by a single mucila- 
ginous thread (Fig. 1 j), and in Coscinosira by several, secreted at adjacent 
valve faces. Other diatoms with circular regular valve view are: Paralia, 
where the frustules are strongly striate and adherent in long filaments; 
Bacteriastrum (Fig. 1 k) and Corethron, characterised by a ring of radiate 
setae around each valve; and Stephanopyxis, another filamentous form, bearing 
a corona of protuberances at the apex of each valve (Fig. 2 c). 

Chaetoceras is a very varied genus of over a hundred species. The principal 
feature is the development on each valve face of a pair of hollow outwardly 
curved setae. These usually interlock with those of the neighbouring frustule, 
the terminal setae of a chain often being markedly distinct from the others. 
There does not, however, appear to be any plasmatic connection between the 
frustules. Chaetoceras is the only important genus which exhibits to a marked 
degree the social habit, but it seems thus to be well-adapted for flotation in 
the topmost water layers. Other forms also found floating in the upper surface 
waters are the numerous species of Rhizosolenia. These have an especially 
prominent girdle view, due to the intercalation between the valves of a number 
of plates. These may be almost circular, giving the frustule an annular ap- 
pearance (e.g. Rhizosolenia stoUerfothi, Fig. 2 a), or they may be rhomboidal 
in shape with a resulting imbricate effect (Rh. shrubsolei. Fig. 1 d and e). 

Another numerically important diatom is Biddulphia with wide girdle 
view. The valves are either bilaterally compressed, or 3-4-angled, and possess 
a more or less pronounced protuberance at each angle. The euplanktonic 
species have in addition a pair of spines, which are not hollow as those of 
Chaetoceras, 

The above are the more prominent diatom members of the phytoplankton, 
though in addition there are a number of species of the pennate type. These, 
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however, although they may be locally abiindant in such numbers as to be the 
dominant form at any given time, do not exhibit such well-marked periodic 
habit or flotation devices as the true plankton species. Examples of such 
forms are Nitzschia closierium, N, seriaia, and Badllaria jjaradoxa. The 
significance of their occurrence in the plankton is dealt with in Secition V. 



Fig. 2. RcMting-sporos of plankton -diatoms. All x 400. a. lihizosohnia HoUarfothi Perag. Off 

Aberystwyth, b. Chaeicx'aras curvisctam Cleve. c. iStepha nopyxis iurris. Off Saundersfoot, 

Pembrokeshire. 

(ii) DinoflageUafa. 

The Dinoflagellata are numerically inferior to the Diatomaceae of the seas, 
though ‘‘in abundance they are second only to the diatoms in the marine 
plankton, while locally and in midsummer they may far outnumber even 
these abundant organisms '’ (7). The particular biologic interest of this group 
lies in the fact that within the limits of a single genus, for example, Gymno- 
(liniuni, we have methods of nutrition ranging from the purely holophytic 
to the completely holozoic. 

Each of the two subdivisions, namely the Diniferidae with a girdle, and 
the Adiniferidae without a girdle, contains two parallel groups: (i) those 
protected by an articulated exoskeleton or theca and (ii) naked forms. Of 
those species present in the tow-net catches, the thecate forms with a girdle 
appear to be far more common than the other Dinoflagellata, mainly on account 
of their greater size, but also because the naked species are easily injured, and 
are especially susceptible to the changes in their environment consequent 
upon their capture and transfer to the laboratory. 

Of the thecate Diniferidae, the genera Ceratium and Peridinium are the 
commonest in North European waters. Here they typically attain a maximal 
development in the summer months, and both individuals and species are 
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much more numerous in warmer waters. The presence of the covering theca 
increases the tendency on the part of the organism to sink; this is compensated 
for in the less robust and smaller forms by rapid flagellar activity, while in 
the larger and less mobile, spines and “fins” are often extensively developed, 
particularly in the tropical and sub-tropical species (Fig. 1 a and c). 

Although the thecate forms exhibit great diversity of external structure, 
it is in the Athecatoideae that we find a greater range of plasmatic specialisa- 
tion. On the whole, those forms with chromatophores are the more conserva- 
tive as regards somatic specialisation within the single cell, but in the non- 
green species we find a range of “organelles” comparable to, and even highly 
resembling, analogous organs in the Metazoa. Kofoid states that these un- 
armoured forms reach their optimal development in eupelagic habitats. 
Certain species, however, are typically neritic, notably those arenicolous 
forms which colonise intertidal zones in such numbers as to appear to the eye 
as a discolouration of the sands. 

(iii) Proto'phyia cetera. 

Apart from the diatoms and the dinoflagellates, there are only a few 
species which occur in the phytoplankton in any large numbers. Of the 
Cyanophyceae, TricJiodesnmmi erythraeuni (Fig. 1 g) may be developed in 
extraordinary abundance in the warm seas. Phaeocyslis sj)p. and Halosphaera 
viridis, brown and green algae respectively which may at any one time become 
the dominant form, occur in the summer months. 

There are also a host of protist forms, some of uncertain systematic position, 
which occur in small numbers in almost any plankton catch, for example, 
the silicoflagellate Distpphmms (Fig. 1 h), or, at a greater distance from land, 
the calcareous Coccolithophora. 


IIT. BIOLOGY OF THE PHYTOPLANKTON 
(i) Periodic^^^ and other Seasonal Changes, 

Variation in external conditions induces variation in the composition of 
the phytoplankton. Perhaps it would be more accurate to state that with a 
change in external factors there are concomitant changes in the plankton. 
The most striking of these is of counse the apparent disappearance of some 
species at certain seasons of the year. 

For the diatoms, which in the North temperate zone comprise at most 
seasons the greater part of the phytoplankton, the periods of maximal develop- 
ment are at about March and September. The absence of most diatoms during 
the unfavourable period may be accounted for in two ways: (i) that most 
forms of a given species die out, but leave a few hardy survivors which ensure 
the continuity of the species, or (ii) that some kind of resting stage is resorted 
to. The latter is the more reasonable assumption, but at the same time it is 
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a curious fact that such resting spores are only infrequent, and have not 
been described for all the known species by any means. 

In Chaetoceras the highly characteristic resting-spores or “ Dauersporen ” 
are formed by the aggregation of the cytoplasm near the girdle-plane and by 
its subsequent encystment (Fig. 2 b). These spores may bear spinous out- 
growths on one or both valve faces. The spore of Stephanopyxis resembles 
the parent frustule except for its smaller size and more robust areola tion 
(Fig. 2 c). In Ditylium also only one spore is usually formed. 

In the genera Biddulphia and Coseinodiscus the contents divide to form 
2-64 nucleated sporules, each with chloroplasts, and a limiting cell- wall 
(Fig. 1 i). Bergon^ records motile sporules in the former. A similar phenomenon 
was once observed by the writer in Rhizosolenia shritbsolei, where the cell- 
contents were divided into eight oval bodies arranged obliquely in the parent 
frustule (Fig. 2 a). 

These spores do not seem to be equipped with any specific adaptation for 
resisting a rigorous period, so it is reasonable to suppose that they pass the 
resting period within the parent-cell. Nevertheless, it is remarkable that 
stages in such spore formation are not more common, particularly at the end 
of the period of maximal development for any given species. It is stated 
that these forms sink to their resting level before accomplishing this last act, 
the sinking being accomplished either by assimilation of the specifically 
lighter substances such as fats, contained in the cell, or in the bilaterally 
symmetrical forms by self-orientation upon a different axis, thus offering less 
resistance to the surrounding medium. 

There yet remain to be considered changes in form other than resting 
stages. The most striking variation is that of size ; in certain species, for example 
Chaetoceras dehile, summer and winter forms differ so widely that they appear 
to be distinct species. Other changes in size, however, are not so evidently 
concurrent with varying external conditions. For instance, the larger, curved 
forms and smaller straight types of the diatom Thalassiolhrix nitzschioides 
were easily distinguished, but no one type appeared to be restricted to any 
season. Such variations may be due to increased size after auxospore-forma- 
tion, or possibly to the existence of genetically distinct strains within the 
limits of the single species. 

(ii) Reproduction, 

Mangin considers plankton diatoms as falling into two groups: (a) those 
which undergo a period of repose in some form or other, after which period 
they again begin active cell- division, and (b) dimorphic species with some 
individuals purely vegetative, and, later, others purely reproductive, only 
forming endocysts. 

It has already been stated that resting stages are found comparatively 

^ P. Bergon. “Nouvelles recherchos sur uu mode de sporulation observe c\\ex BiddulpKia 
Taobilicuaia Bailey." Travaux de la Station Zoologiquc d’ Arcachon, 5, 1902. 
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infrequently; these are formed asexually. Sexual reproduction, as described 
for many benthic diatoms, lias also been described in the plankton-diatom, 
Coreihron^ by Karsten^. 

Reproduction then in these unicellular forms is mainly a matter of somatic 
fission, and in both diatoms and dinoflagellates evidences of ordinary cell- 
division were naturally of frequent occurrence. 

With regard to the diatoms of the plankton, the cell-wall is in most cases 
only slightly silicified, so that successive divisions do not necessarily imply 
jirogressive diminution in the size of the frustules, as in the case of the more 
rigidly silicified phytobenthon forms. Division of the nucleus is accompanied 
by infolding of the cytoplasm, the outer layers of which secrete a pair of 
adjacent valves in the ordinary way. This process is best seen in the larger 
forms, such as Biddulphia regia. Such daughter-cells may remain attached 
as a short chain, especially when divisions take place in quick succession. 
Where the adult form normally occurs as a chain the younger cells are often 
distinguished by the less marked thickening of the walls, and, in the spinous 
species, by the possession of less robust setae. 

In the course of the writer’s work on the phytoplankton of the Welsh 
coasts ( 8 ), efforts to obtain stages in nuclear division met with little success, 
although material was fixed under a variety of conditions and at all hours. 
No karyokinetic figures were found, and no stages intermediate between the 
elongated form of the resting nucleus with one or several nucleoli, and the 
two daughter-nuclei, each with one nucleolus. This may be due to the possi- 
bility that division takes place in a j)lane parallel to the greatest thickness 
of the cell, and it is difficult to focus high-power lenses through such a bulk 
of protoplasm. Again, embedding in paraffin and subsequent microtoming 
gave only distorted forms, due to the tearing of the cell-walls. 

Although in the benthic diatoms a simple form of karyokinesis with 
numerous chromosomes takes place, it is conceivable that division in the more 
archaic plankton forms is of a much simpler order. A^irieux^ describes in 
CoscmodLsciis grand a karyosomatic type of division; he states that the two 
nuclei resulting from the fission are each surrounded by a clear perinuclear 
tract. These zones are connected by a plasmatic bridge which appears to con- 
tain chromatinic elements. 

In the Dinoflagellata the extra-nuclear cytoplasm is not concerned in cell- 
division. Nuclear division is karyokinetic, and even in the resting stage the 
chromatinic thread is distinct; this moniliform structure is characteristic of 
the dinoflagellates and serves to distinguish encysted stages, which often 
assume a form very different from the vegetative form. 

Cell-division is oblique here. In the thecate forms, as in the diatoms, one 
part of the exoskeleton goes to each of the daughter-cells, the older half being 

* Karsten. Zeitschr. fur Hot. 1912. 

- J. Virieux. “Structure et division celliilairo chez Cosciuodiscus grani.'" Bull. hiol. de la 
Fnmcc et de la Belgique^ 64, 1920. 
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often distinguishable by the more robust reticulations. Where any such 
thecate individual fails to divide, there is consequent over-thickening of the 
theca, with impeding of flagellar mobility. This results in phenomena of 
rejuvenation, which Kofoid considers as falling into groups: (i) cytecdysis, 
or shedding of the exoskeleton in pieces of a single or several plates, with 
ultimate renewal of the whole theca; (ii) cytexuviation, where the whole of the 
contents is extruded bodily from the thec^a (7). 

(iii) Nutrition. 

“Morphological distinctions, it has been said, are ultimately physiological 
ones” (6), and nowhere is this more evident than among the phytoplankton, 
in which are incorporated the very beginnings of the plant-habit. With the 
assumption of the chlorophyll-habit, there arises a two-fold necessity, as 
Church has pointed out (3), for development of a maximum surface for light- 
absorption, and also for “movements of translation at a rate different from 
that of the surrounding medium, whether faster or slower.” He states further 
that such fast movement may be accomplished by flagellar activity, but that 
the nutritive effect may be increased quite as readily by any modification 
“ involving a drag on the surrounding medium.” The euplanktonic diatoms, 
though conceivably descendants of flagellated ancestors, are now non-motile, 
and are for the most part equipped with spines or protuberances capable of 
effecting the required “drag.” The dinoflagellata, on the other hand, have 
except in the encysted stage retained the flagellate-habit. Now rapid flagellar 
activity makes higher demands on the available energy of the organism than 
the development of mechanical devices such as spines for resisting the tendency 
to sink. It may therefore be a significant fact that it is some members of this 
group that have lost the holo|)hytic mode of life — none of the planktonic 
diatoms, on the other hand, are heterotrophic. 

As to the actual food of the diatoms and the autotrophic dinoflagellata, 
since they are surrounded by their nutritive medium, there is never any 
problem of insufficiency of water and the commoner salts. At the same time, 
by the operation of Liebig's Law of the Minimum, any variation in those 
necessary substances present in minimal quantity will naturally affect the 
abundance of plankton forms. “The carbonic acid and the mineral salts are 
present in relatively large amounts, but the proportions of nitrogen compounds, 
silica and phosphoric acid in the water of the sea are very small .... It is 
probable that the ab\indance of nitrogen compounds in the sea determines 
the production” (6). Evidence of this is given by Pearsall (9), who shows 
that diatom maxima are coincident with, and presumably affected by, spring 
and autumn river floods, which carry seawards an increased amount of soluble 
terrestrial compounds, including nitrates and phosphates. 

By virtue of their ability to build these simple substances into complex 
organic compounds, the phytoplankton forms act as the “ producers ” of food 
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in the sea. All other non-green living forms, both plants and animals, which 
utilise these organised substances, are the “consumers.” 

IV. EXTERNAL CONDITIONS 

The constituent species of the phytoplankton exhibit a striking seasonal 
development, like that of terrestrial plants : the direct causes of this periodicity 
are equally hypothetical. Herdman (5) ascribes such periodicity in marine 
plankton organisms to any or all of the three following causes : 

(i) Sequence and periodicity of stages in the life-history of the organisms. 

(ii) Irregularities due to the interaction of the organisms. 

(hi) Periodic changes in the weather, composition of the sea-water, etc. 

The two latter are more easily considered than the former, for, “in spite 
of the incredible amount of investigation that has been lavished on the 
speciography of this group, much remains to be discovered with regard to the 
reproduction and life-processes” (6). 

The consensus of opinion is that such seasonal changes in the plankton 
associations are at least a reaction to, if not a direct result of, the stimulus 
of external conditions, though there is great diversity of thought as to which 
particular factor or group of factors is mainly responsible. The chief factors 
are considered briefly below; where any two factors seem to be causally con- 
nected, they are considered together. 

(i) Light and De/pth. 

Schim 2 )er^ states that the decisive factor in 'water is light, while to heat little 
or no importance attaches', Schiller^ holds that light and probably also the 
salt-content are the determining factors. At all events, since the “producers” 
of the sea utilise solar energy as a source of anabolic j)ower, such organisms 
will tend to dis 2 ) 08 e themselves both in time and place with regard to the same, 
such reaction not of necessity being a positive one. “Probably the vernal 
increase in phytoplankton depends on the raj)id increase of the amount of 
solar energy which accom})anies the lengthening days of early spring, especially 
about the vernal equinox” (5). 

If the sunshine curve for Aberystwyth waters be considered (Fig. 3), 
it will be seen that there is a general but by no means marked agreement 
with the volume of phytoplankton. Indeed, during the winter months, the 
volumetric variation seems to follow the temperature curve rather better. 
This divergence for the winter months is probably directly attributable to 
the fact that the more intense insolation in the summer months has a greater 
actinic value to the j^hytojilankton than the relatively impotent oblique rays 
towards the winter solstice. The influence of sunshine appears to be due 
rather to intensity of light than to duration. 

Now the efificient plankton organism contrives to maintain itself floating 

^ Schiznper. Pflanzevgeoaraphie auf phyaiologucher Orundlage, Jena,, 1898. 

® Schiller. “Vorlaufige Ergebnisse der Phytoplankton-Untersuchungen auf den Fahrten 
S.M.S. Najade in der Adria.” Sitzufigsb. Kais. Akad. Wiss. Wim, 122, 1913. Ref. in this 
Journal, 2, 1914, p. 124. 
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at or near the surface, where the sunlight is naturally strongest. The less 
successful are found at lower and less bright levels, and exhibit a progressive 
variation in endochrome. Species common in the uppermost layers guard 
against excessive illumination by the movement of the chromoplasts along 
the plasmatic strands so as to be mutually protective. Those forms of the top- 
most water-layers are characterised by the possession of bright yellow-green 
chromoplasts, usually small and discoid, with a central pyrenoid; Rhizosolenia 
and Chaetocems are the foremost examples of this group. The contrast is the 
more striking when the two types are compared en masse. Viewed in bulk, 
a surface catch of Rhizosolenia and Chaetoceras is several shades lighter than 
a sub-surface haul of Coscinodiscus and Bidduljdiia. 

Bottom forms are for the most part pennate, and are characterised by the 
possession of dark yellow or brown chromatophores. These are not truly 
planktonic, but are often present in catches taken over shallow waters, 
especially in rough weather. 

(ii) Temperature. 

'.remperature appears to affect the spatial distribution of the plankton, 
in so far as differences of temperature in the sea set up oceanic currents which 
are largely resjionsible for the geographic distribution of plankton forms. 
With regard to the seasonal distribution, however, we muvst take into account 
the fact that the phytoplankton rise takes place when the sea is at its coldest 
in March, with a second rise when at its warmest in September. Obviously 
then temperature is not a prime factor affecting the periodicity of the phyto- 
plankton. “The predominant assumption in the literature dealing with algal 
periodicity is that these periodic changes are due chiefly to temperature 
variations; it makes one suspect that the real underlying causes are factors 
which normally operate during cold weather, but which may have no causal 
connection with temperature” (9). 

(iii) Winds, Tides and Currents. 

The indirect influence of winds on plankton distribution by setting up 
surface-streaming is naturally considerable; local currents and tidal-streaming 
are largely dependent on these. At the same time, it is debatable as to how far 
the distribution of plankton is limited by such streams. It has been maintained 
that these passively floating forms are cast up on the edges of marine currents 
in much the same way as a river casts up scum and floating objects on its 
banks; that is to say, that the plankton is disposed in “streaks” or lenticular 
areas with their long axes parallel to the currents in question. 

A second aspect of the effect of tides and winds on the plankton is the 
mechanical one of increased aeration of the water. It is a well-known fact 
that flagellated Chlorophyceae tend to develop in enormous numbers in rain- 
puddles, as, in its passage through the air, the rain dissolves a high proportion 
of oxygen from the air. Similarly, the beating of the waters into surf-crested 



Blodwen Lloyd 


103 


waves, or even the rippling of the surface, makes for the solution of a higher 
proportion of dissolved oxygen and other atmospheric gases in the sea- water; 
this induces increavsed metabolic activity on the part of the contained organisms. 
In like manner, the waters of rapidly-moving currents tend to have a higher 
quantity of dissolved gases; ‘'it is well-known that in coastal waters favourite 
line-fishing localities are where strong tides run through narrow r^hannels 
over rocks and banks, and these are just the places where of recent years it 
has been found that plankton is most abundant^. 

(iv) Salinity and Rainfall. 

These two factors are closely connected, for, although the direct effect 
of rainfall in lowering the salinity of the sea is negligible for all but the topmost 
layers, its influence is considerable in its swelling of the volume of the rivers, 
and hence lowering the salinity for miles off their emboiichures. Herd man 
states that “a heavy fall of rain, sunshine, alternation of night and day, 
and such phenomena probably have a considerable influence on the vertical 
distribution of plankton.” In practice, tow-nettings made during or after a 
heavy rain show a drop in volume; this, however, may be due to a purely 
mechanical cause, namely, the difficulty of tow-netting in a rough sea, or 
possibly the question resolves itself into a physical one ; that is, the sudden 
lowering of the salinity of the topmost waters would cause the passive plankton 
forms to sink to lower layers of greater salinity. Apart from this, variation 
in salinity appears to have no deleterious effect on plankton considered as 
living organisms; Allen ( 1 ) states that, provided that the conditions of light, 
temperature and mineral foods are favourable, salinity may be varied within 
very wide limits. 

No single factor then a])])ears to control the periodic disappearance of 
certain phytoplankton species; Johnstone, addressing the British Association 
in 1923, stated that “the factor influencing actual abundance appears to be a 
statistical one, a chance association of sub-factors, and not at all any single 
events, or even a few main events in the sea.” Again, this periodicity has 
been stated to be a purely vital phenomenon entirely independent of external 
factors: “I therefore class this periodic growth, these. . . .cycles which cause 
volumetric pulses, under the head of internal factor. The element of periodicity 
in itself does not seem to be consequent upon any known external factor” 
(Kofoid). 

V. EVOLUTION OF THE PLANKTON DIATOM FORM 

“ The beginnings of botany,” writes Church, “ are in the sea.” In consider- 
ing the development of living matter from the non-living ionic marine phase, 
he has presented a scheme of progressive evolution from the specialised ionic 
“ centres of action ” in the sea, to the primitive spheroidal protoplasmic unit, 
and thence to what he designates the “euglenoid phase of flagellar activity.” 

^ Herdrnan, 8cott and Lewis. “Intensive Study of the Plankton round the South end of 
the Isle of Man, Part VI.” Reports of the Lancashire Sea Fislicries Laboratory^ 21 , 1912. 
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The main line of evolution progresses towards, and by way of, the benthic 
habit; but, in the world of free-floating forms, the euglenoid phase leads, if 
we except only a few isolated forms, to ultimate divergent specialisation in 
{a) the dinoflagellata, and (6) the now a-flagellated diatomaceae. 

At the present day both these groups are racially impotent, and probably 
therefore represent termini of evolutionary branches. The phytoplankton 
organism is a highly specialised but now necessarily static form, for conditions 
are such that as plankton it is physically impossible for an organism to 
advance beyond the unicellular stage, and specialisation with the single cell 
as unit of somatic organisation invariably leads along an evolutionary 
cul-d£-8(ic. In both the diatomaceae, then, and the dinoflagellata, we have 
groups which have succeeded in maintaining themselves as free-floating 
organisms since pre- benthic times. For new phyletic developments we must 
look to those forms which have adopted the fixed habit as opposed to the 
planktonic. 

An attempt is here made to consider the general relationships within the 
most important phytoplankton phylum in North temperate seas, namely 
the diatomaceae. 

Schiitt and others state that the phytoplankton, more especially the 
diatoms, attains its optimal development in relatively shallow areas not far 
removed from land. Now the benthic is held to be a post-planktonic stage 
in racial evolution; in considering the development of the former from the 
latter, the question therefore arises of the inter-relationship of the phyto- 
plankton with terrestrial factors. As the sea receded, and pristine land masses 
appeared, moribund plankton forms, it is presumed, acquired a new lease of 
racial life by adopting the benthic habit; they became either species fixed 
at the margins of the water, or motile forms creeping along the floor of the 
shallow coastal seas. The first assumption of the benthic habit, then, would 
appear to date from, or just before, the first elevation of land. 

In considering the geographical distribution of the plankton diatoms, we 
note the fact, recorded since the days of the Challenger Expedition, that they 
are especially abundant in areas of low salinity with a high nitrate, phosphate 
and organic content — more especially those seas where large rivers empty 
themselves. From a consideration of this fact it is therefore suggested that, 
although these plankton diatom forms may have existed as such beforehand, 
yet the plankton phase par excellence followed after terrestrial elevation had 
taken place, and after water erosion had carved out the rivers. Some groups 
of the phytoplankton therefore may at least be coeval with, if not of later 
origin than, the primitive benthic protophyte. At all events, the terrestrial 
factor was undoubtedly a significant one. 

In considering the phyletic units of the phytoplankton, it is a significant 
fact that those forms which compose by far the greater bulk of the tow-net 
catches throughout the year belong to only four genera, namely, Rhizosolenia^ 
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Chdetoceras, Biddulphia and Coscinodiscus, but that these genera comprise 
numerous species. If numerical superiority is any measure of success, then 
these may be held to represent the uppermost limits of evolution among the 
phytoplankton. For an elucidation of the course of any such evolution one 
should look, not to these pre-eminent forms, but rather to those static residual 
genera of only one or perhaps two species, which have apparently had only 
a moderate success in the plankton phase. Such forms are: Stephanopyxis 
turns, Lithodesmium undulatum, Streptotheca thaniensis, and Eucampia zoo- 
diacus. The first-named has a valval corona of protuberances through which 
protoplasmic connections are stated to pass into the neighbouring frustule; 
in the second case, the frustules are united in long filaments bearing a super- 
ficial resemblance to a filamentous brown alga; the last two examples possess 
a rudimentary central nodule — all these being tentative developments towards 
a somatic organisation of increasing complexity. Whether these are instances 
of parallel development, or whether they indicate the protodiatom forms from 
which the plankton diatom proper, the phytobenthon and epiphytic diatoms 
respectively have diverged, is naturally not determinable from morphological 
evidence alone. At all events, there are two distinct phyletic tracks, with 
also a third less marked, for the phytoplankton form as seen in the sea 
to-day. 


(i) Typical Diatom Forms — widely distributed abundant species. 

The typical plankton forms comprise those highly successful widely dis- 
tributed genera of many species which are very variable in form and which 
correspond to such critical ” genera among land plants as Rubus or Hieradum, 
To this class belong the four genera enumerated previously, namely, Rhizo- 
solenia, Chaetoceras, Biddulphia and Coscinodiscus, 

Among aquatic phanerogams, the ease with which the necessary foods are 
• obtainable results in morphological degeneracy; in the phytoplankton, how- 
ever, this relative abundance of water and nutrient salts is more than counter- 
balanced by the physical necessity for adequate flotation-equipment. Those 
forms then found free-floating in large numbers are those which have suc- 
ceeded in maintaining a suitable plankton-soma — usually as the unicellular 
individual. 

Both Rhizosolenia and Chaetoceras are genera with wide specific variation, 
the former consisting of about 60 species and the latter of well over a hundred. 
In each the elongated form is assumed; in Rhizosolenia this is accomplished 
by the intercalation of numerous plates between the valves, resulting in an 
enormously lengthened girdle view. In Chaetoceras, although each frustule is 
as broad as long, the individuals hang together by spinous outgrowths, giving 
here again the slender and long floating form. The social habit is then the 
rule in the latter case, whereas it is the exception in the former. Each genus 
has one species which has gone along a specialised line in the evolution of the 
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plankton-soma, and has adopted the “coiled” habit. In Chaetoceras sodale 
the frustules are grouped in an open circle, the incurved setae giving to the 
colony a disc-form strengthened by the ribs directed radially towards the 
centre, and also by the j)roduction of mucilage. In Rh. stoUerfothi the frustules 
are curved, and the chains of cells thus overlie one another in a loose spiral 
(Fig. 2 a). These two species show development parallel with the coiled 
limnetic habit adopted by Mougeoiia and other Conjugatae, when found free- 
floating in freshwater lakes. 

Both Rhizosolenia and Chaetoceras are pre-eminent in numbers of species 
and individuals; at the same time, they are found in greatest numbers at 
the surface. These two genera then appear to be the optimum expression of 
the plankton habit among the diatoms of the sea. 

At a somewhat lower water-level are Blddulpkia and Coscinodiscus, forms 
moderately bulky in proportion to the surface area, and hence less mobile. 
They are less mobile in the evolutionary sense also, for their com|)onent 
species are much more static and more exactly delimited than the above- 
named. It follows therefore that they are of a lower grade in order of plankton 
efficiency; moribund species then, to ensure the continuity of their racial 
life, must perforce adopt a non-planktonic mode of life — and this is what 
appears to liave happened. No species of Rhizosolenm or Chaetoceras occur 
among the epiphytic littoral forms, but several species of Biddiilphia and many 
of the Coscinodisciis-type are known. 

Dealing first with Biddulphia, we find here a genus whose component 
species range in habit from the euplanktonic through varying degrees 
to the truly epiphytic. B. mobiliensis and B. grannlaia are true plankton 
species (Fig. 4 a, b, f), as witnessed by their dorsi ventral compression and 
valval spines and protuberances. All three species are found in the open sea. 
A morphologically intermediate planktonic species with absent or incon- 
spicuous spines, abortive protuberances and ventricose valve view is B, rhombus , 
(Fig. 4 c), which is especially common during the early months of the year 
within half- a- mile of the sea-shore. It is rarely found at any (considerable 
distance from land, and presents a form midway between such as the three 
first-named species, and the characteristic coast-line species of planktonic 
Biddul phias, which are angular in valve view, as, for example, B.favus (Fig. 4 d) . 
A closely related free-floating littoral form is the rather rarer B. alternans 
(Fig. 4 e). The resulting difference in habit is well shown by the greater silicifi- 
cation and more robust areolation of the former, though both species have 
apparently sprung from a common stock. The ultimate stage in this series 
is represented by the shore-type B, vesiculosa, which, although an occasional 
constituent of the littoral hemiplankton, occurs normally as zig-zag epiphytic 
filaments (Fig. 4 g). 

The genus Coscinodiscus does not show so complete a series of intergrades 
as Biddulphia. They are all of the drum-like form, one of the most conspicuous 
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being the large species, C. concinnus (Fig. 1 i). Although there is little variation 
within this genus, a large proportion of the diatoms of the various fossil 
deposits are developmental forms from the Coscinodiscus-type, so that we 
have here survivors of a group that has attained considerable numbers in 
the past. Many of these are now extinct; this race is now represented in the 
plankton by certain well-defined species which have succeeded in maintaining 
the balance of racial efficiency in their favour. 



Fhj. 4. Progressives variation in Blddidfhia aecorcling to habitat. All except (6) x 200. N. Euro- 
pean spcicies. a, B. mrjbilie.nsis (Bailey) Griin. b, B, mobiliensis (Bailey) Griin. forma regia 
Schutze X 100. c, /y. (Eh r.) Wm. Smith, d. B. favus {van Heurck). e. B. alter no ns 

(Bailey) van Heurck. /. B. granulata Roper, g. B. vesiculosa Boyer. 

(ii) Residual Plankton Forim — of less abundance. 

Turning to those isolated genera I have termed residual plankton forms, 
it will be noticed that the distinction from the former group is mainly one of 
numerical inferiority. It is from these failed and failing groups that, given 
sufficient impetus, new modes of life might be tentatively adopted. It has 
already been noted that most of the marine plankton forms are centric. Two 
species, Stre/ptotheca and Eucampia, have a rudimentiiry central nodule. The 
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central nodule, important in the structure of the motile diatoms, is here ap- 
parently functionless, since they do not appear to move. Both these forms 
are distinct genera of limited distribution in time and place. 

Two other genera, each of one species and with uncertain affinities, are 
Bellerochea and Climacodium. Possibly then this isolated and biologically 
insignificant group may be a surviving stage of the experimental forms of 
the early plankton phases. 


(iii) Reversionary Plankton Forms, 

The third group comprises all those forms which exhibit evidences of 
reversion to a planktonic from a previous benthic habit. 1 exclude of course 
such fortuitously free-floating forms as Navicula spp. or Pleurosigma spp., 
swirled from the bottom into the upper waters by external factors, and 
propose to consider only those forms which are purposively planktonic. These 
are all of the pennate type, and, having lost whatever planktonic adaptations 
they possessed in the pre-benthic state, must needs acquire a new flotation 
mechanism — since they cannot regain lost adaptations by retracing their 
evolutionary path. 

This class is a well-defined group in the sea. They differ from the euplankton 
by the fact that they only rarely attain any great numbers — Asterwnella, 
NiizscMa seriala and N, dosterium. are the principal ones — and that they do 
not show to any marked degree the bi-modal periodic curve characteristic 
of the phytoplankton proper. They are, in fact, comparable in many ways 
to the diatoms of the freshwater plankton. In both cases the greater number 
are pennate ; in fact, the following representative list ( 10 ) shows both groups 
to comprise identical genera: 


MARINE. 

Thalassiothrix (Synedra) 

Asterionella 

Bacillaria 

Fragillaria 

Nitzschia 


FRESHWATER. 

Synedra 

Asterionella 


Fragillaria 

Nitzschia 

Tabellaria 


The two first-named genera, Thalassiothrix and Asterionella, are both 
characterised by the union of their rod-shaped frustules into a star-shaped or 
occasionally zig-zag colony. By far the greater number of species of Synedra 
are epiphytic, but a few species have returned to a free-floating habit, firstly 
as a free-floating littoral zig-zag form, and later as a pelagic star form, which 
Wesenberg-Lund considers an adaptation of the former. 

In contrast to these reversions from the sessile benthic to the planktonic, 
we have in Bacillaria paradoxa a retrogression from the motile benthic habit. 
Instead of the development of a special flotation form as in the case of 
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Thalassiothrix, this species has retained its power of motion to ensure a differen- 
tial rate of movement in the surface-waters. As the frustules glide backwards 
and forwards past one another, they come into contact with different parts of 
the surrounding medium for nutrition, while at the same time the narrow 
bacillar frustules, disposed horizontally when extended, offer as much re- 
sistance as, for example, a Rhizosolenia, against over-rapid sinking. A similar 
flotation mechanism is observed in Nitzschia seriata, where the frustules can 
by gliding in the same way arrange themselves end to end in elongated series. 



Fia. 5. Retrograde plankton diatoms. All x 200. a. Aster ioneUa japonica Cleve. b. Tlialassio- 
thrix nitzschioides Grim. c. BaciUaria paradoxa Gmel. d. Nitzschia closterium Wm. Smith. 
e. Nitzschia seriata Cleve. /. Fragillaria oceanica Cleve. 

The case of Nitzschia closterium is even more interesting. Two distinct 
forms are recorded. Both types are abundant in cultures ; the larger is motile, 
but the smaller non-motile. Furthermore, in vertical plankton hauls containing 
a bigger proportion of bottom forms than horizontal hauls, the latter variation 
of N, closterium is more frequent. Lebour^ states that this is an adult form 

1 Lebour, M. V. “The Microplankton of Plymouth Sound.” Joimi. Mariyie Biological 
Association, 1917. 


1 10 Character and Life-Conditions of Marine Phytoplankton 

of the smaller one. Here then we appear to have in the plant world an organism 
with two stages in its life-history, a planktonic followed by a benthic stage, 
this being analogous with those marine animals such as Balanus, whose 
larval stages are free-floating, but whose adult forms are benthic. 

The above is an attempt to indicate that the term plankton, as far as the 
diatoms at least are concerned, comprises a polyphyletic assembly of species 
with different racial history but similar habit ; or, as Church has said, “ Plankton 
is more physiological than morphological.” 
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THE WATER-HETAINING POWER OF THE SOIL 


By H. C. HANSEN. 

{From the Plant Phydohujical Lahoratory of the University of Copenhagen.) 

{With three Figures in the Text.) 

By the water ca])aeity of a soil is understood the quantity of water wliicli 
a given soil is capable of retaining. It is expressed as a percentage of the 
volume of that soil. 

There is considerable variation in the water ca})acity, according to the 
siz^e of the soil particles. The more finely divided the soil, the higher its water 
capacity, as will be seen from the following table (from Boden and Klima 
auf kleinsteni Ramn, by G. Kraus): 


Table I. 


l\‘ro(Mitago of 

Hoil particles 
larger than ()-5 niin. 

Water (tajjaci ty 

89-7 

9-19 

89-0 

10-5 

82-72 

U-51 

58-19 

18-0 

5()*<) 

19-34 

31-0 

29-4 

17-02 

30-20 

0 (waslicd soil) 

28-0-52-0 


Of the water thus retained by the soil, a portion remains adhering to* the 
soil particles as a thin layer held by adsorption, while the rest collects in small 
hollows and crevices, where it is retained by capillarity, (gradually, as the 
amount of water in the soil becomes less —as a result of evaporation, for 
instance — the water held by capillarity will be the first to disappear, then the 
water retained by adsorption. While the retaining power of the capillarity is 
only slight the adsorbed water is held back with rather considerable force. 

For a plant to be capable of drawing water from the soil, the force with 
which it sucks up the water must be stronger than that with which the soil 
holds the water back; and the results of numerous experiments go to show 
that plants are generally capable of absorbing the water that is held by 
capillarity, but not — or, at most, only partly—the water held by adsorption. 
If, now, a plant of some kind is grown in the soil, without any more water 
being supplied to the latter, the quantity of water which the soil contained 
at the beginning of the experiment will gradually be reduced, until the plant 
finally wilts, because the absorptive force of the roots can no longer overcome 
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the water-holding power of the soil, though there will still, at that moment, 
be a certain amount of water left in the soil. 

If specimens of the same kind of plant are grown in different soils, it is 
safe to suppose that the water-retaining power of these soils will be the same 
at the moment when the plants wilt. The water content, on the other hand, 
at the moment of wilting, will be different in the different soils. This is made 
evident by the results of an experiment, made by Sachs, in 1859, with tobacco 
plants : 

Table II. 

Original water content Water content at the 

Soil in 100 grams dry weight moment of plant wilting 

Sand and humus 46*0 grams 12-3 grams 27 % max. content 

Clay h52 1 80 15 

Coarse quartz sand 20*8 1*5 7 

The result of this experiment shows the water-retaining power of the quartz 
sand to be rather feeble as compared with that of the clay soil or of sand mixed 
with humus. 

For these reasons, a simple determination of the water content of the soil 
does not furnish any basis for a true estimation of the amount of water 
actually at the disposal of the plants. To determine this, it will be necessary 
to proceed differently; namely, by trying to determine the water-retaining 
power of the different soils with various contained water percentages. The 
present paper is an attempt in that direction. 

As an introduction, let us review, very briefly, some of the earlier investiga- 
tions made for the purpose of determining the water-retaining power of the 
soil. The methods employed to that end have been partly physical, partly 
biological. 

I. Physical methods, Livingston (1906) places in the soil to be studied 
an artificial root hair, in the form of a semipermeable ‘"Pfeffer’s cell,” filled 
with a 1*5 to 2 molecular solution of cane sugar, and then determines whether 
this osmometer absorbs the water from the soil, or whether a movement in 
the opposite direction takes place. As the result of a couple of experiments 
it was found that the absorption, by the osmometer, did not begin until the 
water content of the soil was brought up to 20 or 25 per cent. K5nig, 
Hasenb^umer and Grossmann (1908) placed the soil to be examined in a 
“Pfeffer’s cell,” poured water over it, and measured the osmotic pressure after 
the cell had been sunk in water. The figure obtained thus indicates the degree 
of osmotic pressure exerted by the soil water (though in a diluted state). 
Shull (1916) determined the water content of Xanthium seeds that had lain 
in the soil, and from the results thus obtained he was again able to calculate 
the degree of the osmotic pressure by which the water was retained in the soil, 
by comparing them with m^surements previously made of the water contents 
of other Xanthium seeds that had been lying in solutions of various concen- 
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tration and of known osmotic strength. As a means of determining the water- 
retaining power of the soil, Livingston and Koketsu (1920) measured the 
amount of water absorbed within a given time by a hollow, cone-shaped 
cylinder of porous porcelain. Other investigators, like Van Bemmelen (1910) 
andOd^n (1919), determined the vapour pressure in humus by placing the 
dried sample of soil in a desiccator over a sulphuric acid solution of known 
concentration and vapour pressure. When equilibrium has been attained, the 
water content of the sample is determined, and it is then placed in another 
desiccator over a slightly more concentrated solution of sulphuric acid. When 
the equilibrium is once more established, the water content of the sample is 
determined a second time; and by continuing in this manner and noting, one 
after another, the values thus obtained, a curve will result, showing the 
dependence of the vapour pressure on the water content of the humus. 
Thomas (1921) estimates the water pressure in three different soils. His 
method consists in passing a known volume of air through the soil, collecting 
and weighing the vapour. He finds that the vapour pressure is a linear function 
of the reciprocal of the moisture content over a wide range. 



Fifi. 1. 


II. Biological method fi, Briggs and Shantz (1912) determined the wilting 
coefficient for various soils by the “wax-seal method,” which is a modification 
of the method formerly employed by Sachs. They find this coefficient to be 
about the same for a number of different plants, and note that it varies con- 
siderably with the character of the soil. Unsprung and Blum (1921 ) find the 
water-holding power of a soil by determining the absorptive power of a root 
that has grown in it, because these two quantities must be supposed to be 
equal. The absorptive power of the root is measured by determining the volume 
of an epidermis cell in its natural state and then measuring the concentration 
of the cane sugar solution which does not alter the volume of that cell. The 
water-retaining power of the soil will then be equal to the osmotic pressure 
of the cane sugar solution. 

The method which I have used for measuring the water-retaining power 
of the soil consists in determining the strength of the sugar solution which 
has the same vapour pressure as the soil sample under investigation. 

The procedure is as follows: in a glass box, 16 x 6 x II cm., with a loose 
glass lid, a piece of nickel-wire netting (a in Fig. 1) 9-5 cm. high by 15-5 cm. 

Joum. of Ecology X IV 8 






114 The Water-Retainiifig Power of the Soil 

long, and having 2-5 cm. of this length, at each end, bent over at right angles, 
is j)laced in such a manner that the bent-over edges rest against the side of 
the box, forming a small cage, as shown in Fig. 1 . The glass box is thus divided 
into two compartments of unequal size. The soil to be investigated is placed 
in the larger of these, whereupon the lid is sealed on air-tight by means of 
vaseline, and the closed box placed in another, larger box lined with cotton 



wadding, for 24 hours. After that time the glass box is taken out and opened, 
and in the smaller compartment is placed the bottom part of a Petri dish, 
10 X 1 cm. , on the inside of which has been laid a paper filter saturated with 
a cane sugar solution of a previously determined strength. The lid is then 
sealed on again with vaseline, and the glass box put back in the wadding-lined 
receptacle for another 24 hgurs. After that time the box is opened once more, 
the Petri dish is taken out, and the lid is put on again. The Petri dish with 
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the filter is now weighed, and if a similar weighing has been made before the 
test was begun, it can be ascertained whether the sugar solution has absorbed 
or given off water ; or, in other words, whether the vapour pressure of the sugar 
solution has been greater or less than the vapour pressure in the soil investi- 
gated. If, now, we extend the experiment to comprise — instead of only one 
glass box, as here described — four or five boxes, all containing the same kind 
of soil, but with the sugar solution in a different degree of concentration for 
each of the filters, we shall find, provided these concentrations have been 
suitably chosen, that the Petri dishes containing the weaker solutions have 
lost in weight, while those containing the stronger concentrations have become 
heavier; and by these means it will thus become possible to determine exactly 
what sugar concentration has the same vapour pressure as the soil under 
investigation. The easiest way of arriving at this determination is to make it 
graphically, by plotting the rate of change — that is, the loss, or the increase, 
in weight — corresponding with the different concentrations, on squared paper, 
and constructing a curve connecting these various points. The point at which 
this curve intersects the axis of the abscissae will then mark the degree of 
concentration of the sugar solution with which the soil sample is in equilibrium. 

By thus examining a number of samples, all from the same soil l)ut of 
different water content, we get, in this manner, an expression for the relation 
of water-retaining j)ower to water content, in the soil type examined. 

Variations in temperature are the chief sources of error in connection with 
these investigations. If, namely, the soil sample and the sugar solution in the 
Petri dish are of different temperatures, an over-distillation of water may take 
place, even if the vapour pressure should be the same in both. Every pre- 
caution must therefore be taken to avoid the occurrence of any such variations, 
and this is done by isolating the glass box as carefully as possible in the 
cotton-lined outer box, as described. 

In order to test the correctness of the method, there were placed in the 
arger compartment of tlie glass box vstrips of paper saturated with an e({ui- 
molecular potassium nitrate solution, and in the IV.tri dishes potassium nitrate 
solutions having a concentration of, resj)ectively, ()*5, l-O and 1*5 gm. molecules. 
The result is shown in Table III. 


Table III. 

niol. 1*0 mol. 15 rnoJ. 

Experiment I -()*08 — +()*0G5 

Experiment 11 -007 0-0 -fOOO 

The experiment shows that it is possible to measure more or less ap- 
proximately the osmotic pressure of a given solution. 

By this method I have investigated the reciprocal relation between the 
water-retaining forces, together with the water content of five different types 
of soil. 


8—2 
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The Water -Retaining Power of the Soil 

Experiment I. In this series of tests a pure quartz sand with a water capacity 
of 14 per qent. was used. The result of the experiment is given in Table IV : 


Table IV. 


Water content (%) 

4*4 

1*84 

1-09 

0-56 

0*21 

Mol. cane sugar solution 

0 

0-42 

0-51 

0*91 

1*82 

Osmotic pressure in atmospheres 

0 

11 

14 

28 

90 


Experiment II. The soil used in these tests was sand mixed with clay. 
The sample was entirely free from humus, and on being washed was found to 
contain 62 per cent, of sand, with a water capacity of 27 per cent. 

Table V. 

Water content (%) 10-74 7-18 4-81 4-28 3-25 3-16 2 17 

Mol. cane sugar solution 0-06 0-18 0-67 0-86 1-3.') l-,'>3 1-84 

Osmotic pressure in atmospheres 1‘5 4 19 20 51 63 92 

Experiment III. These tests were made with garden soil containing 62 per 
cent, of sand and 5*25 per cent, of humus. The water capacity was 24 per cent. 




Table VI. 







Water content (%) 

19-35 

12-39 

9-49 

8-66 

7-04 

6-18 

5-67 

5-06 

4-54 

Mol. cane sugar solution 

0-1 

0-2 

0-25 

0-3 

0-74 

0-96 

1-24 

1-58 

1-93 

Osmotic pressure in atmospheres 

2 

5 

6 

7-5 

21 

30 

45 

67-5 

100 


Experiment IV was made with pure day (modelling clay). 


Table VII. 

Water content (%) 29-68 23*84 20-47 17-32 13-83 12-1 9-92 

Mol. cane sugar solution 0-02 0-06 0-24 0-34 0-51 1-21 1-91 

Osmotic pressure in atmospheres 0*5 1-5 6 8-5 14 43 98 

Experiment V. In this experiment the soil was beech mmild. The water 
capacity was 61 per cent. 

Table VIII. 

Water content (%) 36-45 29-32 24-0 23-47 19-0 15-83 

Mol. cane sugar solution 0-24 0-38 0-44 0-5 0-74 1-7 

Osmotic pressure in atmospheres 6 10 12 13-5 21 83 

The results of these experiments are represented graphically in the fol- 
lowing curves, in which the abscissae denote the water content of the soil 
type in question, while the ordinates denote the cane sugar solution, or the 
osmotic pressure corresponding to the various concentrations. 

As we might expect from the results of Sachs' experiments, the water- 
retaining power of the sand is extremely slight; only with a water content 
of 1 per cent, does it reach a strength equal to the osmotic force in a 0*5 
molecular cane sugar solution, which corresponds to a pressure of 13 or 14 
atmospheres. If we inippose the osmotic pressure at the beginning of plasmo- 
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lysis in the roots to be about 10 atmo- 
spheres, then the intake power also 
should consequently run no higher than 
to this value as a maximum; which is 
equivalent to saying that the absorption 
of water by the roots ceases when the 
water content of the soil has sunk to 
2 per cent. — a proposition which agrees 
fairly well with the findings of Sachs, 
that tobacco plants wilted when the 
water content was 1-5 per cent. 

A comparison of the curve for the 
pure quartz sand with the one for the 
sand mixed with clay shows that the 
clay content plays a great role as regards 
the water-retaining power, the latter 
rising, owing to the presence of the clay, 
to as much as 13 or 14 atmospheres 
when the soil contains 5*5 per cent, of 
water. With a lesser content of water the 
retaining power of the sand and clay 
mixture rises somewhat less rapidly than 
in the pure sand. 

The soil which forms the subject of 
experiment III differs from the one used 
in experiment II chiefly by its content 
of humus, and it is noticed that this 
admixture tends to increase the water- 
retaining power, which here, for a water 
content of 8 per cent., reaches between 
13 and 14 atmospheres. 

It is in pure clay and pure humus that 
the water- holding power is greatest. In 
beech mould, as shown by experiment V, 
it is as high as 13 or 14 atmospheres with 
a water content of 23 or 24 per cent. As a 
curious feature it should be noted that 
with decreasing water content the in- 
crease in water-retaining power is much 
slower here than in the first three ex- 
periments. 

By this method it is possible, then, to 
determine more or less approximately 


Pressure, number of Atmospheres 



uo!^n|os JB^ns oubq jvinoaio^ 


% Water Content 

Fig. 3. Curves showing the water-retaining power in different soils: (1) pure quartz sand; (2) sand mixed 
with clay; (3) garden soil; (4) modelling clay; (5) beech mould. 
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the vapour pressure in any given soil, and thus the water-retaining power of 
that soil. It next becomes a question of examining what importance the 
degree of that power has for the absorption of water through the root system. 

For a root to be able to absorb water from a given soil it is necessary that 
the force with which the absorbing cells of that root suck up the water should 
be greater than the force by which the water is held back in the soil. The ab- 
sorptive power of the cell is, in its turn, determined by the strength of the 
osmotic pressure, less the strength of the sap tension, by which is understood 
that portion of the osmotic pressure which is exerted on the wall of the cell. 
The absorptive power can thus vary from zero up to the value of the osmotic 
pressure exerted under conditions of commencing plasmolysis. As a result of 
this absorption by the cells the water content in that part of the soil which 
is in immediate contact with the surface of the root is reduced to a quantity 
so small that the force by which the water is retained in the soil is equal, 
or only slightly inferior, to the force with which it is absorbed by the plant. 
In those parts of the soil whicJi are farther away from the surface of the root, 
the quantity of water will be greater, and this difference in water content 
between the different regions of the soil, due to the absorption from the root, 
will therefore result in a movement of water from the more distant, moister 
regions toward the surface of the root. It is this movement of the water in 
the soil which enables the plant to continue its absorption of water. Any 
increase in the absorptive power of the cell will cause the amount of water in 
the part of the soil in immediate contact with the root surface to become still 
further reduced, and the difference in water content between the different 
parts, which causes the water movement, will thus be all the greater. 

The fact that Fitting has ascertained the osmotic pressure in a number 
of desert ])lants to be relatively high, makes it of interest to examine in what 
types of soil an increase of the osmotic pressure may possibly have a bearing 
on the degree of absorption. A look at the curves will show that an increase 
of the osmotic pressure will not be of any material significance in the case of 
plants growing in sandy soils, because even with a low osmotic pressure these 
plants will be able to absorb practically all the water in the soil. In soils 
containing a great deal of humus or clay, or of both these substances together, 
and in which the water is, consequently, retained with rather considerable 
force, an increase in the osmotic pressure may, on the other hand, help to 
increase the amount of water on which the plants can draw. It is therefore 
of interest to see that the abnormally high osmotic pressures recorded by 
Fitting were found by him in plants that grew in rock- or desert-crevices 
filled with clay, while the osmotic pressure of the same plants, when they are 
grown in sand, is considerably less. 
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INTRODUCTION 

During the war a considerable area of forest on the Bagshot Sands in the 
neighbourhood of Virginia Water was felled by Canadian lumbermen. The 
land was not immediately replanted and as it lay conveniently near the 
Royal Holloway College Botanical Laboratory, continuous observations were 
made to record the natural changes of vegetation over the exposed area 
(Fig. 1). 

A plot of land was chosen for detailed study, about an acre and a half in 
area, sloping slightly to the south-west. It had been pure pine forest, but 
outside it, in its near neighbourhood, there wstood a few birches among other 
trees, and this fact explains in part the plant succession that followed. 

Observations were continued untilJanuary 1925, when the forest authorities 
of Windsor Great Park cleared the area and replanted it with Pinus sylvestris. 

HISTORICAL ACCOUNT 

The Area at the Outset of the Investigation in 1917. 

The Canadian lumbermen had been at work from June to October 1916 
and in November of the next year observations began. At this time there was 
very little vegetation, the uneven surface of the soil being broken only by 
numerous tree stumps and certain charred patches, nineteen in number, where 
the lumbermen had made their large bonfires. The surface of the soil was 
covered with loose pine needles, below which, to a depth of from 1 to 5 inches, 

^ The work described in this paper was organised and written up by M. Benson (1917-22) and 
E. M. Blackwell (1922-25) with the help of notes and maps made by D. M. Adkins (Mrs Burrows), 
1915-20 and M. I. Thomas, 1921-25, Royal Holloway College, University of London. 
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. Map showing the high road from Staines to Vircrinia Wat#»r 


1 22 Lumbered Area in Surrey 

lay humuB composed of dead pine needles, twigs and cones, and then sand 
varying in depth from a few inches to 4 feet. In some parts, the water level 
was at the junction of the sand and the subjacent clay; in other parts it was 
in the sand. During the course of investigation, the level of the water table 
was found to vary with the seasons to a very marked degree. 

At the south-east corner of the plot, there was a small bog, where the water, 
like that in the soil in other parts of the area, was acid to litmus. Species of 
Sphagnum and Polytrichmn grew in the bog and at the edge were three species 
of Juncus, On the banks of the bog were numerous seedlings of Belula alba 
{verrucosa), and B. pubescens, Pinus sylvesLris, Castanea saliva a>i\d Rhododendron 
ponticunL 

Along the north-west of the area there was a fringe of vegetation. This 
consisted of pine and birch seedlings of the current season, Molinia caerulea, 
Deschampsia fiexuosa, Erica dnerea, E, tetralix, and CaUuna vulgaris, which 
had secured a hold owing to a slight opening in the forest in that region. 
Occasional seedlings of Larix europaea, Ulex earopaeus, Castanea saliva and 
Quercus robur (pedunculata), also of the current year, were noted. 

The charred patches, where fires had been made, were for the most part 
bare, but towards the centre of each patch Funaria hygronietrica was beginning 
to establish itself. 

During the autumn of this year, a remarkable feature of the plot was the 
luxuriant growth of Bulgaria polynwrpha, the sporophores of which reached 
a diameter of 5 or 6 inches in their spread over the soil. A very few individuals 
of wind-dispersed immigrants, such as willow herb, and even dandelion and 
thistle, had arrived. With these exceptions, the land was clear of vegetation, 
and thus might be said to offer a new habitat for colonisation. 

METHOD 

The area, comprising altogether some 4980 sq. ft., was divided into 46 
smaller areas; peripheral areas 20 ft., 45 ft. and 60 ft. square, and central 
areas of greater size (Fig. 2). Quadrat charts were made of each in 1917, 
1919 and 1924. Figs. 5-8 illustrate four out of the forty-six such series made. 
Each year general observations were recorded in note form, and plants observed 
were listed. 

In addition to the mapping of the whole area intensive studies were made 
of features of special interest, e.g. : 

(а) The extension of each patch of bracken was measured separately. 

(б) An intensive study was made of certain subdivisions of the above 
areas, e.g. of the ‘‘oases.” 

(c) An intensive study of individual species was made with reference to 
depth of root in the soil. 

The water table was observed at intervals by noting the height of water in 
the bog, which frequently became a pond, and by digging in other parts. 
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OBSERVATIONS MADE DURING 1918 
Until the late autumn of 1918 , the appearance of the ground remained 
almost unchanged, except that the burnt patches were covered with bright 
green vegetation, and stood out vividly from the surrounding stretch of bare 
ground. The striking contrast between these patches and the barren “desert” 
surrounding them, suggested “oases.” It is on this account that we shall use 
this term in our reference to them. The vegetation of the oases consisted of 
Marchantia polymorpha and Funaria hygrometrica^ which now covered the 
whole of their surface. 



Some evidence of a slight advance on the part of the peripheral vegetation 
was observed, and enumeration of seedlings gave a considerable increase of 
pines {Finns sylvestris) and especially of birches {Betula alba). 

The giant sporophores of Bulgaria polymorpha once again appeared, giving 
the area in some parts the appearance of being covered at short intervals with 
cow dimg. 


124 


Lumber eA Arm in Surrey 


During this year rabbits were frequent visitors, as was seen by their nibbling 
of Deschampsia flexuosa, and by the gradually accumulating nitrogenous 
debris which they left behind them. 



AN "OASIS" 19)9 


Fig. 3. Map of an oasis in 1919, illustrating the colonisation of a burnt patch. 

OBSERVATIONS MADE DURING 1919 
By May 1919, considerable changes had taken place, both on the open 
ground and on the oases (Fig. 3). The vegetation of the oases had a compact 
velvety appearance. Every square inch of space was occupied; indeed, in 
a few places the vegetation was stratified, for Marchantia thalli were found 
actually creeping over Funaria, and Peltigera was spreading horizontally 
over both. The Marchantia, which was very abundant, showed an unusually 
close formation of archegoniophores and antheridiophores, and was producing 
gemmae. Funaria was beginning to die down, and was covered with ripe 
capsules. In the centre of several of the oases, sporelings of bracken had made 
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considerable headway and were firmly established. Further interesting 
evidence of the oases being favourable seed beds was found in the variety of 
seedlings which had germinated upon them: for example, side by side were 
seedlings of a willow, a willow-herb, a holly, and a sheep’s sorrel. It was most 
striking to find one bird-borne and three wind-borne individuals on a single 
oasis and only one example of each. 

The central region of the area was almost as bare as in the previous year. 
As in the oases there were a few immigrants, which included two plants of 
clover, a few of chickweed, a few composites, and some poorly developed 
individuals of the rose bay willow-herb (Epilobium angustifolinm). 

In the peripheral region of the area Molinia caerulea was the dominant 
element in the vegetation, as the Calluna and Erica spp. and Deschampsia 
flexuosay though slightly more abundant than formerly, had not increased at 
the same rate. Among the Molinia tussocks two year old birch seedlings were 
numerous and flourishing. The pine seedlings were fewer in number than the 
birches, and many of them looked unhealthy. As the result of excessive rain 
during the spring of this year, parts of the area were under water. The Molinia 
in these very wet parts was dead or dying. 

In the bog. Sphagnum, although well supplied with water, was turning 
brown. The water in the bog was at this time neutral to litmus. 

The summer of 1919 was dry, and in consequence the water table had 
receded, and the bog was almost dry. The increased aeration of the soil due 
to this change had favoured the progress of Molinia, which was, however, 
attacked by Ergot {Claviceps purpurea). At the outer limits of the area, with 
the exception of the ground immediately surrounding the tree stumps which 
was quite bare, Molinia was dominating an almost closed society. 

On a few of the oases the vegetation had been uprooted and trampled 
down, and thus was not able to develop on natural lines. The damage was 
probably caused by rabbits. In the bog, Sphagnum had disappeared for the 
time being, Folytrichum had nearly disappeared, and a species of Mnium, was 
replacing them. 

No trace of Bulgaria was observed, although it had been so abundant the 
two previous autumns, nor has this fungus again appeared on the plot. 

Throughout the area, various seedlings, many fungi, and a moss, Campy- 
lopus Jlexuosus, occurred occasionally, and served to break the otherwise 
uniform dark colouration of the bare regions. 

OBSERVATIONS MADE DURING 1920 

As the result of heavy rains during November and December 1919, the 
area was wet in the spring of 1920. In runnels washed out by the surface 
drainage during heavy rain, seeds of Molinia had germinated readily, and 
thus young Molinia plants occurred in straight lines as though produced 
by rhizomes. The Molinia, which was originally peripheral, now covered a 
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considerable part of the area. Erica tetralix and Calluna vulgaris were still 
associated with it, and were in a few localities even abundant. Deschampsia 
occurred frequently, but usually the foliage had been nibbled by rabbits. 
The pine seedlings were few in number, and unhealthy, except those on an 
elevated part of the bog margin. 

Now for the first time were noted the ravages of the pine weevil in the 
pine stools; and it was found that some of the pine seedlings had been partly 
eaten. The birches on the other hand were very numerous, and some of them 
reached a height of five feet. 

In October, Sphagnum appeared again in the bog. This was found to be 
coincident with a change in the bog water from neutral to acid reaction. 

Some of the oases, though still velvety, had a different floristic content, 
for F unaria and Marchaniia had been succeeded by Dicranum longeanum^ 
a moss common on the Bagshot Sands. Barhula fallax, Caynpylopus Jlexuosus, 
Hypnum purum also occurred. The bracken on the oases was spreading rapidly, 
and appeared to be well established. As the Molinia advanced, it surrounded 
some of the oases, and eventually invaded them, the invasion being made 
easier no doubt by the previous breaking up of the surface by rabbits. The 
central part of the area was in parts dotted with young Molinia plants. 
A few specimens of species of Erica, Calluna, Deschainpsia, and Rumex 
occurred, and Campylopus flexuosus was so prevalent, that in some places the 
ground was of a uniform green colour. No fruits of this moss were observed, 
but a method of propagation by detached branches, formerly recorded by 
Rabenhorst, may account for the rapidity of its distribution. If one draws 
a finger lightly over the surface of the moss, large numbers of short detached 
branches are thrust up, and lie free on the surface. This takes place so definitely, 
that one can mark out a design on the surface of the moss. These freely exposed 
branches can be blown away by the wind. If, on the other hand, the finger 
is drawn rapidly and with some slight pressure over the moss, the free branches 
spring up elastically, owing to the compressed condition of the upper stratum, 
as compared with that of the lower, and shoot to a considerable distance. Thus 
the scurrying of rabbits across a patch of Caynpylopus results in the wide 
distribution of leafy branches, which quickly establish themselves by rhizoids. 
This characteristic of Campylopus may account for its hold over the long 
exposed central region, which for some reason or other never became colonised 
by germinating seeds and spores. 

OBSERVATIONS MADE DURING 1921 

In the early part of this year, colonisation received a check as a result of 
fire. Many seedlings were scorched and birches injured and some of the pines 
completely destroyed. The injury to the Molinia was not fatal. Oases with 
their established bracken escaped, as Campylopyis was incapable of spreading 
the fire. The bracken (Pteridium aquilinum) was growing radially out from 
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those centres where sporelings had previously been noted. There were only 
five oases on which bracken had failed to establish itself, and only five patches 
of bracken in places which had not formerly been burnt areas. Thus the great 
majority of established plants of bracken were strictly limited to the oases. 
On one of these Marehantia was growing well and bearing old archegoniophores. 



Fk;. 4 (a). Ar<!hin<^ of Brat^kon rhizome whoso apex was unable to j^row forward owing to the 
hardness of tlie sf)il. Th(‘ ])or< ion of tlie rliizome behind the apex has elongatetl and curved, 
raising itstdf above the surface of <h<‘ soil from which the apf'x has been liftc‘d by liand. 



Fio. 4 (?>). Arching of Bracken rhizome as in (a). Here the rhizome has raised the soil into a 
small hummock (indicated in section). 

Another oasis was completely surrounded by Molinia and showed signs of 
yielding to its pressure, as Polytrichum> was found brown and flattened under 
the tussocks. 

The summer was exceptionally hot and dry and there was much evidence 
of the ravages of rabbits. Both Calluna vulgaris and Erica cinerea were nibbled 
and the covering of Campylopus, so vividly green and uniform in 1920, was 
very thoroughly broken up into fragments. As the drought continued, Campy- 
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lojius was further destroyed, and by the end of the year a large central region 
of the observational area was again bare of vegetation. A deep hole dug in 
the south-west corner on June 10th had revealed no water even at a depth 
of three-and-a-half feet, though the sand became moist to the spade at a 
depth of nearly three feet. 

It was evident in the autumn, that seedlings of E. tetralix, which had ap- 
peared among the Molinia plants in the north-east corner, were less affected 
by the drought than was Molinia itself. The rabbits had left the Calluna 
for the more succulent young birches and had nibbled leaves and dragged 
off the twigs up to a height of two or more feet. The bracken rhizomes on the 
oases were unable to continue their underground growth. In some cases the 
apex was still alive, in others it had perished but was still fixed in the ground, 
and where the apex had failed to progress, knee-like ascending curves were 
formed by the rhizomes in their growth (Fig. 4). It seemed that elongation 
of the rhizome had been taking place but not at the apex. To verify this a 
detailed map of one oasis made in May of that year was compared with the 
oasis in its autumn state, and a record was made of the change in extent of 
the bracken in the five months that had elapsed. It was found that not only 
was the extent reduced along many radii, but there had been no considerable 
addition along any radius. 

Very little progress was made therefore in 1921 owing to the fire in J anuary 
and the subsequent drought, which not only retarded but actually destroyed 
much of the early beginnings of growth. Indirectly these events caused the 
destruction of the lower branches of many birches, as the heather became too 
dry to be palatable to rabbits. During the following winter the rabbits did 
further injury to heather and birches and to the bracken, not only in its sub- 
terranean parts but in the newly exposed parts of the rhizomes (see Fig. 4). 

A comparison with a neighbouring lumbered pinewood, viz. Callow Hill, 
was made in July. Here the vegetation had advanced much more rapidly. 
Nearly the whole hill side was covered with bracken, and there was much 
Vaccinium myrtillus and several young deciduous trees : Rhamnus frangula, 
Quercus sp. and Castanea. Oases which, three years previously, had been as 
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well delimited as those on the Virginia Water area, were no longer distinguish- 
able from the surrounding land, which was carpeted with vegetation. Another 
neighbouring lumbered area, viz. the Clockcase Woods, was still covered in 
many parts with an almost pure growth of Epilobium anguslifolium. Thus 
three areas once dominated by Pinus sylvestris were regenerating along 
different lines. 

OBSERVATIONS MADE DURING 1922 

As already stated, the Campylopus covering of the central and otherwise 
barren area had been destroyed by the drought in 1921. It was interesting 
therefore to note in January 1922 that the soil had become almost covered 
with lichens, chiefly Cladonia species and some Peliigem. A careful examina- 
tion of the soil for the presence of earthworms was made but no trace of worms 
or their casts was found, even in the vicinity of the bordering paths. 

The exceptionally hot early summer was followed by a cool and rainy 
season which was extraordinarily favourable to the regeneration of the area. 
The ripening of spores and seeds served further to promote it. The history 
of the selected oasis was continued. The records made in October showed 
that the rhizomes of the bracken now extended from the centre of the oasis 
to a distance of 14J feet. This indicates the favourable conditions for growth 
of bracken that prevailed during the latter part of the summer of 1922. 

When 1922 closed the observational area looked quite overgrown and it 
was difficult to see the boundary. The tallest birches were six feet in height. 
There was still a considerable barren area in the centre: even the lichens 
which covered it in January had withered during the heat of the early summer. 

The same rapid regeneration of the vegetation was observed in the two 
other lumbered areas during repeated visits made throughout the year. The 
development of their vegetation in 1922 accentuated the differences between 
them — differences not only floristic but also distributional. By means of 
contour maps the distribution of vegetation in all these areas was compared. 
From these it became evident that the inclined surface was always better 
populated than the flat surface above it, and less well populated than the 
flat surface below it, and this irrespective of aspect. It would appear either 
that the leaching of the plateau by rain was unfavourable to the establishment 
of new vegetation, or that the plateau periodically became too dry to support 
plant life. 

OBSERVATIONS MADE DURING 1923 AND 1924 

In 1923 no records were made beyond the listing of plants that occurred 
in that year and the measuring of the bracken colonies. 

By 1924 the observational area was already a young birch wood (Fig. 6). 
The birches numbered some thousands and many had attained a height of 
10 feet and more. There was still a bare region in the middle. Elsewhere the 
ground was covered with vegetation. 
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Molinia caerulea and heaths, of which Erica tetralix was more abundant 
than Calluna vulgaris^ were dominant and Pteridium aquilinmn was locally 
dominant. There was no doubt that the steady progression of Pteridium 
aquilinum still continued. On the other hand Calluna vulgaris and Erica 
tetralix had often given way before encroaching Molinia. To a casual observer 
the grasses were the most noticeable feature of the ground flora, but in 
February 1925, when the birches and taller herbs were cut down by the 
forest authorities of Windsor Great Park, the equal dominance of the heaths 
was obvious. 

Of the less frequently occurring members of the community, special 
mention must be made of young pines and rhododendrons, which occurred 
sporadically in the moister parts, that is along the ditch and near the bog. 
Twenty saplings of Pinus sylvestris and 103 seedlings of Rhododendron ponticum 
were counted. These numbers are explained by the fact that there were in the 
neighbourhood many rhododendron shrubs and a pine tree. 

Other colonists recorded are : 


Angiospermae. 


Quercus robur (podunculata) 12 


Ulex europaeus 0 

Ilex aquifolium 1 

Rhamnus frangula 5 

Rubus fruticosus 2 

Erica cineroa occ. 

EpiJobium hirHiitum occ. 


Beschampsia flexuosa 

occ. 

Taraxacum vulgare 

occ. 

Urtica dioica 

2 

Rumex acetosella 

2 

Juncus communis* 

occ. 

J. bulboHus 



( — J. Hupimis, Moench) 1 


Bryophyta. 

Sphagnum Polytrichum Dicranum 


Old stumps of trees were found to be covered with lichens, e.g. Parmetia 
fuliginosa var. laeievirens and Pkyscia dliaris, and mosses, e.g. Hypnuni 
cupressiforme and Ceratodon purpureus. 

The bare central region, which was higher than the rest and covered with 
a thin humus of pine needles, was colonised almost entirely by lichens and 
mosses which formed a close covering. Cladonia maculenta, C. fimbriata and 
occasionally Peltigera canina were found, and Campylopus pyriform, is was 
frequent. Very rarely there occurred closely nibbled plants of Calluna vulgaris, 
and the less high regions around were sparsely covered with partly nibbled 
Molinia caerulea, untouched Erica tetralix and occasional Festuca rubra. 

In order to discover how far the bareness of the central region was 
due to the ravages of rabbits, wire cages were set up in June 1924, each en- 
closing a square metre of ground ; but no definite conclusions could be drawp 
from observation of these for they were unexpectedly destroyed six months 
later. In January 1925 the forest authorities of Windsor Great Park cut down 
the natural birchwood that had established itself on the observational area 
and replanted Pinus sylvestris. 
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LIST OF PLANTS RECORDED DURING 1917-1925 


Dicotyledons. 


Betula alba (verrucosa) 
B. pubescens 
(.^alluna vulgaris 
Castanea sativa 
Cuscuta epithynium 
Epilobium angustifolium 
E. hirsiitum 
Erica cincrea 
E. tetralix 
Hex aquifolium 
Potontilla erecta 


Quercus robur (pedunculata) 
Rhamniis frangula 
Rhododendron ponticum 
Rubus fruticosiis 
Rum ex acetosella 
Salix sp. 

Scnocio vulgaris 
Taraxacum vulgare 
Ulox europaeus 
Urtica dioica 


Monocotyledons. 

Deschampsia flexuosa Juncus bulbosus 

Eostuca ovina J. communis 

F. rubra Molinia caeruloa 


Gymnosperms. 

Larix (‘uro[)aea Pinus sylvcstris 


Pteridophyta. 

Pteridium a(j[uilinum 


Bryophyta. 


Marcharitia (xilymorjiha 
Barbula fallax 
(Jam pylopus flex uosua 
('. pyriformis 
(.'eratodon purfiiircus 
Dicranum longeanum 
Fun aria hygrometrica 


Rypnum cupressiforrne 
H. purum 

Leucobryum glaucum 
Mnium sp. 

Poly trich u m co rn m u no 
Sijhagnuni spp. 


Bulgaria polymorpha 
(’alocera cornea 
(daviceps purpurea 
Flammula sapinea 
(^^alera hypnonim 
Hypholoma fastigiata 


Fungi. 

Laccaria laceata 
Merulius trornulosa 
Mycena epipt-crigia 
Paxillus involutus 
Scleroderma vulgare 


together with various species of Phyconiycetes and Myxomycetes. 


Lichens. 

Cladonia fimbriata Parmelia fuliginosa 

(J. maculeiita Physcia ciliaris 

Peltigera eanina 

Algae. 

Since 1919, a certain number of soil algae have been isolated, of which 
Cystococcus is the most frequent unicellular form and Hormidium the dominant 
filamentous. Perhaps the most interesting feature is the extraordinary 
abundance of Carter ia from 1923 onwards, in the surface soil of the wetter 
parts. 

DISCUSSION 

The plant succession on the area passed through various stages of heath 
towards the establishment of a dense young birch- wood. In the centre of the 
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area even to the last (1925) there remained a bare region. The marked failure 
of all plants other than Cladonia spp. and Campylopus spp. to colonise here 
was striking. It could not be that seeds and spores did not arrive. It was 
at first attributed to the ravages of rabbits, but the isolation of a portion of 
the ground by means of cages of wire-netting did not, in the short period 
over which observations were made, justify this conclusion^. The ground was 
higher here and its bareness may have been due to special conditions of leaching 
by rain or of extreme drought. The latter condition existed for short periods 
during the summer months, when the w^ater table was very low. Possibly 
the area did not remain sufficiently moist for long enough at a time to allow 
seedlings and sporelings to become established. In addition to the lichen and 
moss mentioned above only occasional plants of Calluna vulgaris managed to 
get a hold; these were nibbled close by rabbits. 

The failure of the pines to re-establish themselves may have been due, 
at least in part, to the attacks of the weevil which, by 1920, had become 
abundant among the pine stools. It is well known that weevils feed on young 
pines, and some pines had been attacked. No traces were ever found of the 
pine beetle {Hylesmus piniperda, L.), and this was due undoubtedly to the 
preliminary burning of the tree tops by the lumbermen. Apart from the 
weevil, disease and competition appear to have but little affected the vegeta- 
tion, although ergot {Olavimps purpurea) occurred on Molmia, and dodder 
(Cuscuta epitkyrnum) on Calluna. As natural regeneration of pines on the 
moister regions of the Bagshot Sands is known to occur, however, further 
explanation should perhaps be sought for their failure in this region. No less 
than 55 pine seedlings were counted in 1917, and 62 in 1919, but only 20 in 
1924. These 20 surviving pines were all in the peripheral region of the area, 
on ground which had never been burnt or otherwise completely denuded. 
Fourteen of them are marked on the maps for 1917, 18 on the maps for 1919, 
and it is possible that the other two were overlooked. In 1925 they were well 
grown trees of 3 to 4 feet in height. Pine seedlings have rarely established 
themselves since the area was lumbered. It is evident that the ground is 
suitable for pines once they have established themselves, for the area has 
been successfully replanted with pines and was, of course, previously a pine- 
wood. Many suggestions might be offered to account for the failure: e.g. the 
possible loss by fire or drought of the essential symbiotic fungus of the roots, 
or the special character of coniferous wood, or the shallow root system of pine 
seedlings which could not withstand the periods of drought. Up to 1920 
Molinia and Betula were the two Phanerogamic species which were best 
established on the area. The heaths had obtained a hold, but were not so 
abundant as Molinia and Betula. 

In order to discover what characteristic of these plants made them more 
successful than any other colonists the root systems were compared with 

^ See note on page 137. 
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those of other species occurring on the area. It was found that two year old 
pine seedlings, Erica, Calluna, and Deschampsia, had root systems which 
ramified profusely in the humus, but did not penetrate the sand. In the 
case of two year old birches and Molinia, however, the roots reached the 
water level. These two species therefore were more capable of withstanding 
periods of drought, than were the shallow rooted plants. The establishment 
of the heaths on the area, in spite of their roots not tapping the water table, 
causes no surprise, for it is well known that the xerophytic character of their 
leaves enables the plants to thrive in difficult conditions of water supply. 
It is possible that the leaves of seedling pines are not so well equipped. 

In the ravages caused by rabbits it is certain that Calluna vulgaris suffered 
most. Erica cinerea, Molinia caerulea, and Deschampsia jlexuosa were often 
nibbled and in 1921, during the great drought, the rabbits left the dry Calluna 
for the more succulent young birch trees. Erica tetralix on the other hand was 
absolutely untouched. The preference shown by rabbits for Calluna vulgaris 
was very marked. This preference was an independent observation during 
the course of this work. We have since noted with interest that Farrow, in 
his work on the vegetation of Breckland (This Journal, 5), has observed the 
same thing. In some parts, however, in spite of this, Calluna vulgaris steadily 
invaded the already established Erica letralix (Fig. 7). 

Among the problems which interested us was the scarcity of the Rose bay 
willow-herb (Epilobium anguslifolium^^ The fact that only two flowering 
specimens of “ Rose bay,” or as the Canadians call it, on account of its presence 
after forest fires, “ Fire weed,” have ever been observed on the plot, has caused 
surprise. Its complete failure to establish itself is especially interesting on 
account of its wide occurrence on a similar lumbered region, called the Clock- 
case Woods, about a quarter of a mile distant on the south side of the Bagshot 
road. Rose bay grows abundantly on this land, and is spreading vegetatively, 
and by seed. The Clockcase Woods are on higher ground than the observational 
plot, and also on a steeper slope. The water table in the Clockcase Woods 
was 4 ft. 3 ins. below the surface, as compared with 20-30 inches in the 
Virginia Water area, when measured in November 1920. This level coincided 
with the level of the surface of the clay in the latter area, but, at a depth of 
4| feet, no clay was found in the Clockcase Woods. Probably these differences 
unite to ensure in the soil of the Clockcase Woods a better drainage system, 
and more efficient aeration and nitrification than are found in that of the 
Virginia Water area. The Swedish botanists regard the Rose bay as a good 
index of active nitrification in forest soils. It is suggested that these factors 
may account for Rose bay occurring so abundantly in the Clockcase Woods, 
and so rarely in the other area. 

With reference to the record of Marchanlia, we may note that, while 
Lunularia and PeXlia are extraordinarily abundant in the near neighbourhood 
of the College, Marchantia has always been scarce, and no member of the 
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College has known it to fruit in this district. The sudden appearance on the 
area of plants which were fruiting so abundantly that the ground was yellow 
with the shed spores caused, therefore, no little surprise. But the arrival of 
the plant was hardly more extraordinary than its almost total disappearance 
after two years of apparently successful establishment. The latter phenomenon 
may perhaps be partly accounted for by the sharp competition which occurred 
on the oases. 

The sudden appearance of Bulga/ria polymorpha in 1917 was not so sur- 
prising, for it is a common fungus in the neighbourhood. Its enormous size 
and its abrupt and complete disappearance were, however, most remarkable. 
It has not been recorded for the area since 1918. 

SUMMARY 

1 . An account is given of the colonisation of a denuded area, the observa- 
tion of which extended over eight years, viz. from the complete destruction 
by felling of a pine- wood in 1916, to the destruction in 1925 of a young birch- 
wood which had established itself in its place. 

2. The establishment of a birch- wood on the waste ground of a destroyed 
pine-wood was due to two factors: 

(a) The failure of Pinus sylvestris to re-colonise the ground : pine seedlings 
numbered 55 in 1917, 62 in 1919 and 20 in 1924. 

{b) The immense success of Bettda alba both in growth of each individual 
(many had attained ten feet in height by 1925), and its quick increase in 
number (birch seedlings numbered 53 in 1917, 219 in 1919 and over 1000 in 
1924). 

3. In the record by notes and maps made from year to year of the evolution 
of the birch- wood further facts of general interest made themselves evident: 

(a) The immediate colonisation of certain burnt patches of ground by 
Marchantia polymorpha and Funaria hygrometrica, 

(b) The establishment of Pteridium aquilinum in these moist nests of 
Bryophyta. 

(c) The steady advance of the Pteridium from these definite centres over 
the surrounding, usually bare, ground. 

(d) The widespread colonisation of the area by numerous individuals of 
Betula alba, Molinia caerulea. Erica tetralix and Calluua, vulgaris. 

(e) The competition between Molinia and the heaths, which, to the casual 
observer in 1924, appeared to be won by Molinia, although, as was clearly 
seen after the cutting down of the vegetation in 1925, neither could be con- 
sidered dominant. 

( / ) The competition between Calluna vulgaris and Erica tetralix, in which 
the latter became dominant on the moist parts and the former on the high 
and dry parts; in which too the latter had an advantage in being distinctly 
more successful in the early years. 
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(g) The obvious preference shown by rabbits for the Calluna. 

(h) The striking absence of angiosperms other than the few mentioned 
above, especially of Epilobium angustifolium, which in other regions was 
locally dominant in similar denuded and burnt areas. 

4. Certain facts of special interest emerged : 

(a) The outcrop of immense sporophores of Bulgaria polymorpha in the 
first two years, and its total absence since 1918, although other fungi, lichens 
and mycetozoa were numerous on the ground and on the old tree stumps. 

(b) The luxuriance of Marchantia polyniorpha in 1919, especially rich in 
archegoniophores, antheridiophores, and gemmae, and its total disappearance 
later, along with its fellow pioneer Funaria hygrometrica. 

(c) The special method of dispersal of the moss Carnpylopus flexuosus, 
which ensured its widespread success until the drought in 1921. 

{d) The peculiar knee-like curves of the lengthening rhizomes of Pteridium 
aquilinum, whose growing points were prevented from advancing in the hard 
ground after the drought in 1921. 

Acknowledgments are due to our colleagues N. Thomas (Mrs Ferguson) 
1917-1919, and K. E. Light 1919-1925, and to students in the Botany 
School, Royal Holloway College, during the years 1917-1925. The figures 
have been drawn by M. 1. Thomas. 

Note added January, 1926. 

It is now possible to make a more definite statement with regard to the 
influence of rabbits on the bare central region. 

Before replanting with pines in January, 1925, the forest authorities 
enclosed the whole area by rabbit-proof fencing. In the autumn of that year 
it was observed that the central region was becoming colonised to some 
degree. The occasional old plants of Calluna vulgaris were no longer closely 
nibbled and new plants had established themselves. Photographs taken from 
the same spot in June, 1924, and October, 1925, show a noticeable increase 
in vegetation in the central region. Destruction by rabbits, therefore, was 
one factor responsible for the continued failure of vegetation to colonise the 
central region during the eight years the area was under observation. 



ON THE ORIGIN OF THE XEROTHERMIC PLANT 
ELEMENT IN BULGARIA 


By N. STOYANOFF. 


The vegetation of Bulgaria has been often described as being of a steppe 
character. Such terminology may be found both in descriptions by well- 
known travellers and in contemporaneous geographical manuals. Although 
partly exaggerated these descriptions correspond to a certain extent with 
the opinion of several phytogeographers. Thus, Velenovsky^ describes as a 
steppe the environs of Rahovo and Burgas, and Podpera^ those of Khaskovo. 
However, after studying carefully the vegetation of such woodless localities 
in Bulgaria, it becomes evident that this steppe character is hardly natural. 
Even in such especially treeless districts as the environs of Gebedje in eastern 
Bulgaria, numerous remnants of a former forest vegetation may be observed 
in the form of reduced shrubs of Quercus ^yuheficeMs, Uhnus cam/peMris, Carpinus 
duinensis, Fraxmus ornus, Acer (mnpestre, etc. Here and there even separate 

more evident. The country b^tXn IL Tn^ 

describes as a real steppe was covered ' which Lavelye-’’ 

which formed a part of the famous SvlvTh r forests, 

of the Crusades. Remnants of the fa + “ renowned in the history 

woods, are even comparatively abundrat toT^'^^Tl*’ "^^inposed these 


A^amovi?' gives a true and instructive description ottiow tvooTietl areas in 
Bulgaria and the neighbouring countries are gradually transformed into scrub- 
land by man and his methods of farming. Afterwards the bushes disappear 
also and the terrain becomes like a real steppe. 

The plants, spreading through such deforested terrains, belong mostly to 
xerothermic species, such as are able to spread rapidly and to accommodate 
themselves easily to new conditions. Their dispersal is indirectly aided by man, 


^ J. Velenovsky. Flora bulgarica. Suppl. 1, 324-327. 

2 J. Podpera. “Ein Beitrag zu den Vegetations verb altnissen in Siidbulgarien.” VerJmndl. 
d. zooL'hoL Ocs. p. 608. Wien, 1902. 

3 E. de Lavely6. La pdninsule des Balkans^ pp. 56-58. Bruxelles, 1886. 

* L, Adamovid, Du V tgeiationsvcrhaiinisst der Balkanlander, pp. 626-528. Leipzig, 1909. 



N. Stoyanoff 


139 


and increases with the enlargement of the cultivated surface. Many of them 
belong to the ruderal and half-ruderal element. 

Representatives of such a secondary steppe vegetation are : 


Andropogon ischaemum 

Melilotus officinalis 

Veronica spicata 

A. gryllus 

Astragalus onobrychis 

V. teucrium 

Cynodon dactylon 

Coronilla varia 

V. chamaedrys 

Poa bulbosa 

Linum 23erenne 

Plantago lanceolata 

Bromus erectus 

Polygala comosa 

P. arenaria 

Festuca ovina 

Euphorbia virgata 

Aspcrula cynancliica 

Aegylops cylindrica 

E. gerardiana 

A. galioides 

(yarex praecox 

Eryngium campestre 

Galium verum 

Polygonum convolvulue 

Buplcurum falcatum 

Scabiosa ucranica 

Silene otitos 

Falcaria rivini 

S. ochroleuca 

Stellaria graminea 

Nonnea pulla 

Camj>anula trachelium 

Oerastium arvense 

Onosma spp. 

C. bononiensis 

Holosteum umbellatum 

Ajuga genevensis 

Achillea millefolium 

Hemiaria glabra 

A. laxmanni 

A. setacea 

H. hirsuta 

Teucrium polium 

Artemisia camj^estris 

Sanguisorba minor 

Salvia silvestris 

( Jentaurea sj)}). 

Potentilla recta 

S. aethiopis 

Tragopogon majus 

P. argentoa 

Stachys gcrmanica 

T. oriental! s 

P. canosoens 

S. recta 

Lagoseris bifida, etc. 

Modicago falcata 

M. minima 

Verbascum spp. 

Linaria gcnistacfolia 


In some parts of South Bulgaria, as for example around Khaskovo, the 
presence of numerous Papilionaceae and among them especially of different 
species of Trifolium is characteristic for such pseudo-steppe formations. 
A similar spreading of the xerothermic elements, due to the activities of man, 
has been observed also in other countries of Europe. It is rioted in the Western 
Alps by Briquet^, in Germany by Weber^ and Schalow^ etc. 

Simultaneously with this secondary steppe vegetation traces of a primeval 
xerothermic plant element may be observed in Bulgaria. It differs from the 
above described in several respects. It is neither able to sjrread extensively, 
nor to accommodate itself to any new ecological conditions created by man. 
Its components are therefore generally distinguished by their conservative 
character and may be met here and there in localities which are little influenced 
by cultivation and probably were not wooded even in those times when 
Bulgaria was more forested than it is to-day. Refuges or relict-places of such 
plants may be chiefly found on dry limestone rocks, less often on other kinds 
of dry rocks, on sand, salty soils, etc. Such a characteristic refuge may be 
observed on the rocky limestone hills between Dragoman and Belidie in 
Western Bulgaria. On these hills there are growing: 

Stipa pennata Amygdalus nana Eryngium palniaturn 

Agropyrum cristatum Astragalus testiculatus Hyssopus officinalis 

Allium saxatile A. depressus Goniolimon tataricuin 

Silene longiflora A. j^ubiflorus Artemisia camphorata 

Anemone silvestris Anthyllis montana Jurinea tsar-ferdinandi, etc. 

Poteatilla rupestris Cachrys alpina 

^ J. Briqpiet. “Le d^veloppement des Flores dans los Alpes occiden tales.” Result. scienL 
du Oongrh Internal. Botan. pp. 166-167. Vienne, 1905. 

* A. Weber. “Die Goschichte der Pflanzonwelt des norddeutschen Tieflandes seit der 
Tertiarzeit.” Ibid, p. 111. 

* E. Schalow. “Die Pflanzenverbreitung und vorgeschichtliche Besiedelung.” Naturwiss. 
Wochenachr, pp. 173-177, 1922.* 
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Another similar oasis with evidently old xerothermic vegetation lies on 
the limestone rocks and calcareous sands near Gebedje, in Eastern Bulgaria. 
Of the xerothermic plants, which occur there, may be mentioned: 


Silene supina 
Gypsophila paniculata 
Arenaria rigida 
Thymus camosulus 
Liruim fiavum 


Lepido trichum uechtritzianum Hcdysarum tauricum 
Astragalus virgatus Ruta biebersteinii 

A. austriacus Matthiola triatis 

A. veaicarius Salvia grandiflora, etc. 

A. albicaulis 


Refuges of conservative xerothermic plants may be observed also in many 
localities, spread almost over the whole surface of Bulgaria. As representatives 
of this type of vegetation the following species may be listed : 


Kplii^dra vulgarin 
Stipa ariatella 
8. capillata 

Brornua tranaflih^anioua 
Brachypodium sanctum 
Psilurus iiardoides 
Lcpturus pannoni c ii h 
S ternbergia colehiciflorn 
Asphodel ine taurica 
Allium fiavum 
8ileno chlorantha 


Saponaria bellidifolia 
Queria hispanica 
Minuartia montana 
Ibcris aaxatilis 
Spiraea cronata 
Caragana frutesccns 
Astragalus physocalyx 
A. ])ugioniferus 
A. thracicus 
A. jankae 
A. arnacantha 


Anthyllis aurea 
Polygala supina 
P. rhodopea 
Pimpinella tragi um 
Androsacc maxima 
Vorbascurn humile 
Colsia orientalis 
C. roripifolia 
C. rupestris 
bugulifolia 
Morina persioa, etc. 


A recent extension of most of the above xerothermic plants can hardly 
be postulated. Most of them cannot withstand the influence of cultivation, 
and disappear in localities to which farming extends. Practically none of 
them shows any tendency to increase the area of its distribution in Bulgaria, 
at least under the present physical conditions. Some of them show features 
characteristic of relict organisms, whilst they do not reproduce freely. Some 
of them even seem to be on the way to extinction in Bulgaria. Astragalus 
physocalyx, an old type, belonging to the monotypic Section Pogonotropis, 
is a good example. The only place, where this plant was known to grow, was 
on a rocky hill near Philippopel. Even in 1871 Janka, after a long search, 
could find only a single group of 10 specimens of this plant^. He stated then, 
that only a few of the fruits he found on these plants seemed to produce 
viable seed. During the last 17 years Astragalus j}hysocalyx has not been 
found, either in that place or elsewhere, and the only two living specimens, 
known at present, are growing in pots in the Royal Botanic Garden in Sofia. 
All attempts to multiply this species were unsuccessful, because ripe fruits 
of it can be rarely obtained. J urinea tsar-ferdinandi, growing on the limestone 
rocks near Dragoman, does not seem to flower every year, and even when 
it does, the flowers and fruits are usually not abundant. Astragalus testiculatus , 
which also grows near Dragoman, seems similarly to have only slight powers 
of reproduction. 

Many of the plants listed above have a limited distribution in Bulgaria, 


1 V, Janka. “ Correspondenz aus Philippopel” in Oesterr, hot. Zcitschr. p. 218, 1871. 
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being known only in one or two isolated localities. Thus Cachrys alpina, 
Astragalus festiculatus, Paeonia corallina and Arie^nisia charmernelifolia are 
each known from only one locality in Western Bulgaria, Iberis saxatilis, 
Astragalus arnacaniha and A, jankae each from one locality in Southern 
Bulgaria, A. puhijlorus in two isolated places in Western and Eastern Bulgaria, 
Alsine montana in one place in Bulgarian Macedonia. Brachyp)odium sanctum, 
Asphodeline taurica, Polygala supina, Verbascum humile, etc. are growing in 
discontinuous and isolated areas. 

The existence of relict xerothermic plants, which may be found in several 
isolated places, dispersed over almost the whole surface of Bulgaria, supports 
the opinion, that Bulgaria has passed through an era of time when xero- 
thermic plants were more widely spread than they are at present and when 
the climate was relatively drier. That era probably corresponds with the 
period when in Northern Bulgaria the thick layers of loess were formed, which 
are so characteristic of this part of the country. It was probably the time 
which is described by geologists for Middle Europe as the Aquilonar or Steppe 
period. 

A similar twice repeated spreading of the steppe vegetation has been 
observed also in neighbouring countries. Thus in Southern Russia, according 
to Kusnezow^, the steppe vegetation has enlarged its area within historic 
times, in consequence of the destruction of forests by man. In prehistoric 
times the forests had advanced southwards over the steppe. However, traces 
are found also of an old wider spreading of steppes, which preceded the natural 
extension of forests in Southern Russia. 

In that more remote period there probably occurred in Bulgaria the 
extensive development of certain plant genera such as Genista, Astragalus, 
V erbascum, Centaurea and certain sections of Dianthus, which are now repre- 
sented by numerous species. Some of them seem to have continued this 
development till the present time; some others, such as Verbascum, are now 
represented by mostly constant and well limited forms. 

If we examine the geographical distribution of this xerothermic vegetation, 
it becomes evident that it has a considerable and direct connection with the 
steppe vegetation of Southern Russia. How intimate this connection is may 
be illustrated by the fact, that of 425 species, which Krasnov refers to as 
characteristic of the South- Russian steppes, 272, i.e. more than 60 per cent., 
occur also in Bulgaria. Besides this there is a noteworthy connection also 
with the Mediterranean flora, as has been observed by all investigators of the 
Bulgarian flora. 

In many cases xerothermic plants are so widely spread both in the Mediter- 

* N. J. Kusnezow. “Dio Vegetation und die Gewtoer des Europaischen Russlands ” in 
Englefs hot Jahrh, Bd. 28, 221-222, 1899-1901. 

* A. Krasnov. “Steppes de la Russie m^ridionale.” Annales de giographie, 111, 315-318, 
1894. 
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ranean and the Steppe provinces, that it is difficult to decide to which group 
they may belong. As examples may be mentioned: 

Stipa pcnnata Salvia aethiopis Triticum cristatura 

S. capillata Scutellaria orientalis Ephedra vulgaris 

Phleum boehmori Chondrilla juncea Asparagus officinalis 

Oyjjsis alopeouroides Erysimum repandum Allium moschatum 

Euphorbia gerardiana Eryngium oampestre A. flavum 

Teuerium polium Androsace maxima A. paniculatum, etc. 

The South-Russian steppes, whose vegetation is so closely related to the 
Bulgarian xerothermie plant elements, are a relatively new formation, geo- 
logically speaking. Their flora is consequently also of a relatively new origin 
and received its elements from the neighbouring countries, after the recession 
of the sea, which formerly covered that province. 

Only a very small proportion of the steppe plants can be supposed to have 
originated in Southern Russia itself. Krasnov mentions 16 species, which 
he supposes to be endemic and original elements of that vegetation. These 
plants are growing in the most elevated parts of the South-Russian steppes, 
on areas of soil which, according to the Russian geologists, have not been 
covered with water, but formed islands in the Quaternary South Russian Sea. 
This statement of Krasnov’s received lately an indirect affirmation by Kuzniar’s 
investigations This author found in Southern Russia traces of an old mountain 
range, which ran in the direction — from Volhynia and Podolia, across Jitomir 
and Ekaterinoslav towards the estuary of the Don. This mountain range was 
connected by extensions with the Crimea and Caucasus and also with the 
Dobruja, i.e. with the eastern part of the Balkan Peninsula. Szafer^ records 
Tertiary relict plants in the vegetation of Volhynia and Podolia, whose presence 
is connected with the history of that mountain range. It is therefore interesting 
that of the 16 species mentioned by Krasnov as relicts, one is related to a 
species known from the Balkan Peninsula and one is recorded from Bulgaria. 
ScMwerecMa podolica is represented in the mountains of the Balkan Peninsula 
by a closely related species — S, hormnnlleri, while Asperula tyraica is recorded 
from Bulgaria. 

South Russia is, from the geographical point of view, only an advanced 
post of the large steppes and deserts of Western and Central Asia, hence the 
closest relationship between the vegetation of these countries is to be expected. 
Such relationship is accepted as a matter of course by many floristic investi- 
gators. An especial light is thrown on the character of this relationship by 
the conclusions reached by Borszczow^, whose knowledge of the steppe vegeta- 
tion in European and Asiatic Russia is above all doubt. These conclusions are 
summarized by him in the following six points : 

(1) The majority of the commoner plants of Central Russia with a distribu- 
tion west of the Caspian Sea, extending to Transcaucasia, have as their 

^ According to W. Szafer: “ Ix's plantes tertiaires montagnardes sur la chalne scytique dans 
le refuge de Podolie et Volhynie.” Acta Societ. hotan. Poloniaej 1 , 97-119, 1923. 

^ Lx. « See O. Paulsen cited below. 
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southern limit of distribution east of the Caspian Sea in Aralo-Caspia, the 
parallel of 61^° N. lat. 

(2) When these forms occur farther east in Siberia, the boundary limiting 
their area of uninterrupted distribution lies outside of Aralo-Caspia and always 
north of 51|° N. lat. 

(3) Most of the typical steppe> plants met with in Southern Russia, and 
distributed towards the west from the Caspian to the foot of the Caucasus, attain 
their southern limit in Aralo-Caspia at the parallel of 49"^ N . lat. and their eastern 
boundary at the meridian of the Mugodshar range; if they occur farther east, they 
never go farther south than 49° N. lat. 

(4) The more southern plant forms, characteristic both for Persia and 
Aralo-Caspia, do not occur in our flora of the present time farther north than 
49° N. lat. 

(5) The more eastern forms, met with in the Altaian Siberia, are rarely 
met with farther west than 78° E. long. F. (about 60° E. (Treenwich). 

(6) In the case of a great many south-eastern forms, the lower course of 
the Syr-Daria (45-46° N. lat.) is the northern boundary and the meridian of 
the eastern shore of the Aral Sea (70° E. long. F. — about 62° E. Greenwich) 
forms the western boundary^. 

If we trace on a geographical map the boundaries mentioned by Borszczow, 
becomes evident, (1) that the steppe flora in South-Eastern Europe has rela- 
tively little in common with the xerophytic vegetation of Turkestan and 
Central Asia; (2) that a flora, related to that of the steppes in South-Eastern 
Europe, occurs in Western Siberia only in a tract of land which lies between 
49° N. lat. and the belt of the Siberian forests. These facts scarcely harmonize 
with the common conception of the South-Eastern European steppes as only 
a branch of the large steppes and deserts of Asia. However, almost the same 
conclusions have been reached by modern Russian botanists. Thus according 
to Kuznezov^, the steppes of Western Siberia occupy a tract of land, whose 
northern boundary runs across Jalutorovsk, Ishim, Tatarskaia, Kolivan, 
then makes a bend at the foot of Altai, across Kusnetsk, Biisk, Lokotievsk, 
takes a direction towards the south-east, along Irtish and the Lake Zaisan- 
Nor and reaches Western Mongolia. Their southern boundary lies on the water- 
shed between the Arctic Ocean and the Aralo-Caspian basin. South of this 
watershed are spread the steppes and deserts of Turkestan, whose vegetation 
belongs, according to Korzinsky, to another type, namely to a southern or 
subtropical flora. 

It is difficult to say what kind of historical relationship exists between the 
steppe flora of South-Eastern Europe and that of the above described relatively 

^ According to O. Paulsen. “ The Second Danish Pamir Expedition, conducted by O. Olufsen.” 
Studies on the Vegetation of the Transcaspian Lowlands^ pp. 2a-30. Copenhagen, 1912. 

* N. J. Kuonezov. “Essai d’une division de la Sib^rie en provinces phyto-g^ographiques.” 
Bulletin de VAcad. Imp. dea Sciences de St. Pdtershourg, pp. 894-895, 1912. 
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narrow tract of land in Western Siberia. The few geological facts known about 
Western Siberia give no clear answer to this question. However, there are 
few grounds for supposing that a centre of development for xerothermic 
vegetation lay in that part of Siberia. According to the geological investiga- 
tions, the Caspian Sea was connected with the Arctic Ocean even to the 
beginning of the Glacial period. Published opinions are contradictory as to 
whether this connection was across Western Siberia or across the eastern part 
of European Russia. Most of the geologists agree that large water basins 
occupied Western Siberia, north of the watershed between the Arctic and the 
Aralo-Caspian, up to the beginning of Post-glacial times. Even at present 
small water basins are extremely abundant over the whole of the West- 
Siberian steppes. More than 200 lakes may be seen within the limits which 
Kuznezov traced for these steppes, by examining even a relatively small map 
of Asia^. There is no doubt that these water basins formerly had a notably 
larger extent than they have to-day. Thus Krilov ^ proves that a large lake 
existed within the present Barabinskaia steppe. H. Printz® found in the 
Siberian steppes remnants of a former tundra vegetation, which he attributes 
to the Glacial period. As Krilov proves, no evidence exists that the steppe 
vegetation in Western Siberia was formerly wider spread than now, i.e. 
Western Siberia has not had in the past a Steppe period,” analogous to that 
which is generally accepted for Middle and Eastern Europe. All the conclusions 
on the existence of such a Steppe period in Western Siberia are founded, 
according to him, on erroneous analogies with Europe and erroneous generalisa- 
tions based on fossil animal finds 

The steppe vegetation of Western Siberia seems therefore to be of relatively 
new origin and was probably first developed in its present form in the Post- 
glacial epoch. On the other hand, as Penck ^ showed, steppes were widely 
spread in Middle and Eastern Europe at the end of the Inter-glacial and during 
the last glaciation (only two Glacial periods being admitted for those regions 
which are at a certain distance from the area of the main glaciation). It may 
be supposed, therefore, that when the steppe vegetation in Middle and Eastern 
Europe developed, the influence of the Siberian flora upon it was not especially 

^ Andrees. Handaikus. 1912, K. 139. Scale 1 : 15,000,000. 

* P. Krilov. “On the Question about the Fluctuation of the Boundary between the Forest 
and the Stepjwi Provinces (Russian).” Travaux du Musie Bota7iique de VAcad. das Sciences de 
Pdtrograd, 1^, 82-130, 1915. 

® H. Printz. The Vegetation of the Siberian- Mongolian Frontiers^ pp. 12-13 and 40. Trondhjem, 
1921. 

* L.c. According to Krilov all conclusions of this kind are based on fossil Ends of only two 
animals: the Antilope-Sajga {Coins sajga) and the Siberian marmot {Spermophilus eversmanyii)^ 
which is quite insufficient evidence in itself alone. But the Sajga is found fossil in Western 
Siberia only in that area where the 8tep|)es exist to-day, and fossils of Spermophilus everamanni 
were found only on the River Jana, in Eastern Siberia, in a locality where this animal lives 
still, although there are no steppes. 

® A. Penck. “Die Entwieklung Europas seit der Tertiarzeit.” scient. dmcongris inteniat. 
de hotaniquet pp, 12-24. Vienne, 1905, 
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important. It is prol)able, indeed, that when the flora of the Siberian steppes 
developed, after the desiccation of the large water basins and marshes which 
formerly occupied the region, it received not a few of the relatively older 
European steppe elements. Xerophytic plants which originated in Europe 
and Asia mixed there together and in the course of time penetrated far into 
the neighbouring countries. Doubtless several Asiatic forms penetrated far 
into Europe. However, the extension of the direct influence, which the Siberian 
steppe flora had upon the European one, seems to be often overrated. It 
would be erroneous to draw any conclusions, by analogy, from the distribution 
of higher animals, whose spreading is considerably more rapid than that of 
plants and is not subjected to the same rules. However, even among animals, 
only the most rapidly moving groups show a large percentage of Siberian 
migrants into Europe, and not the less rapidly moving ones. Thus according 
to Scharifb the species of mammals living in Europe at the present day have, 
with few exceptions, migrated to our continent from other parts of the world 
(chiefly from Siberia). With regard to the birds it is possible that a somewhat 
larger number proportionally may be of European origin. Still, the great 
majority are to be regarded as immigrants. The autochthones are about equal 
to the immigrants in the reptiles, but many of the European amphibians and 
the majority of the fishes have probably originated on our continent. Not a 
single species of land or freshwater mollusc can be quoted as having migrated 
to Europe from Siberia in recent geological times. A very active centre of 
development for land mollusca lay in South-Eastern Europe, either in the 
Caucasus or in the Balkan Peninsula, or more probably in both. It cannot 
be supposed that the steppe plants were distributed in the same way as the 
rapidly moving higher animals, and it seems more probable that their spreading 
occurred in a slower way and during a longer period of time. However, even 
in the case of mammals, according to Scharfl it would be difficult to trace a 
limit between the Siberian and Oriental migrants, whose spreading took place 
across Asia Minor and may be much older than the direct migration from 
Siberia. 

It would be no less of a mistake to consider the present centre of distribu- 
tion of plant species as necessarily indicating the centre of their origin. 
Briquet^ showed, and illustrated with examples, how inaccurate it would be 
to confound these two entirely different facts. With even greater emphasis 
the same may be said concerning the distribution and the origin of steppe 
plants, the conditions now being much less favourable for their spreading in 
Europe than in Asia. N. Printz^ concluded as a result of his own investigations, 
that the steppes are spreading now in Western Siberia by natural means as 
a consequence of geological changes, which are occurring in Central Asia. 
This opinion finds a confirmation in the observations of Krilov and of several 

^ R. F. Schar:S. The IJ isUjry of the European Fauna, pp. 189, 193, 199. London, 1899. 

2 L.c. p. 245. 8 Lx. p. 133. * Lx. pp. 64-67. 
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investigators of Centra] Asia, such as Huntington^, Paulsen^, etc. Krilov^ 
proves that the steppes in Western Siberia have been constantly spreading 
since the Glacial period at the expense of forests and that they have never 
been distributed there more widely than they are now. According to these 
statements the steppe vegetation in Western Siberia is still advancing towards 
a larger development, while in Europe its maximal development was in past 
geological times and the present climatical conditions are less favourable to 
it. In such circumstances it is not impossible that even (certain xerothermic 
species which originated in Europe are now distributed in Asia more widely 
than in Europe itself. 

On the contrary, there are reasons for thinking that the European flora 
has had sources for the development of its steppe vegetation in its close neigh- 
bourhood, namely in the Mediterranean province. According to Hagen, the 
xerothermic element in this province is very old. There is geological evidence 
that at least three centres with a dry climate and a xerophytic vegetation 
existed in the Mediterranean as early as the Miocene times. One of them lay 
in the plateau of Iran; the second in N. Africa, in the district of the Moroccan 
Atlas; and the third in Spain, in Mezetta and the district of Ebro'^. During the 
Pleistocene the climate of the Mediterranean became moister and the above 
mentioned xerophytic centres disappeared. There is no doubt, however, that 
a certain number of xerothermic species were preserved during those un- 
favourable times, by their growing in some limited localities under more 
suitable physical conditions, just as they now exist in countries with an 
oceanic climate. Dry and especially limestone rocks, sandy soils, and soils 
rich in inorganic salts might often have been places of refuge for this type of 
plant. Thus may be explained, with considerable probability, the often ob- 
served attachment of steppe plants to calcareous soil, which has been noted in 
Germany by Drude^ in Sweden by Sterner*^, etc. Velenovsky' observed 
the same relationship in Bulgaria, and this was afterwards confirmed by other 
observers. Korzinsky Krasnov^, Tanfiliev^^’ found the same dependence in the 

^ E. Huntington. The Pulae of Amt, Boston and New Yfjrk, 1907. 

“ Lx. « I,x, 

* H.B. Hagen. “Geographische 8tudien iiber die florist i sell en Beziehnngeii des Mediterran 
und ( )rient.alisch(m Gebictes in Afrika, Asien nnd Amcrika.” Mitt. d. Oeogr. Oes. in Munchen, 
9 , 144-151, 1914. 

^ E. Drude. Handbuch d.er Pjianzemjt’ofjraphie, p. 382. Stuttgart, 1820. 

* R. Sterner . “ The ( 'Ontinontal Blenient in tlie Flora of South 8 weden.’^ Geografietka A nnalei\ 
321-322, 1922. 

^ J. Velenovsky. Flora buhjarica. Fuppl. 1, 327, 1898. 

* S. Korzinsky. ‘‘The Northern Limit of the Black-earth -Steppe Province” (Huswian). 
Trudy ObshteMva EstiUHivoispyt-pri Imp. Kazanskom llnwermtcte^ 18, 214-217. 

» A. Krasnov. ” Steppes de la Hussie meridionale.” A nnale.s de gdographu\lll, 307-309, 1 894 
G. Tanflliev. “Die Sudrussischen Steppen.” Res. Sc. Congr^s mternat. de hot. pp. 385-387. 
Vienne, 1905. Phyiogemjraplvical 1 nixsit gallons in the Steppe Tract of Land (Russian). 8t Peters- 
burg, 1898. 
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South- Russian steppes themselves, and Androsovosky^ in the steppes of 
Asia Minor. This phenomenon may l)e explained to a certain extent on 
the basis that the steppe plants have retained some of their older edaphic 
preferences. 

The richly saline bottoms of dried-up sea basins, which existed in different 
times and in different parts of Europe, have doubtless also been places of 
refuge for several halophytes with xerophytic structure. Examples are well 
known of halophytes, inhabitants of the sea shores, growing far in the interior 
of the continents. Thus Suaeda rnarititna, Salicornia herhacea and other in- 
habitants of the European sea shores may oc^cur as far in the interior of 
Asia as the Abakanskaia steppe in Siberia, etc. 

The steppe vegetation probably formed gradually and changed its com- 
position in the course of time, corresponding to the changes of the climate 
and the salt content of the soil. In its earlier stages the soil of present South 
Russia and Hungary, being bottoms of former seas, was certainly rich in 
inorganic salts. It seems, however, that no direct connection existed at that 
time between Europe and Central Asia, because the characteristic representa- 
tives of the saline steppes and deserts of Turkestan are almost completely 
lacking in the Hungarian and the largest part of the South Russian steppes. 

During all the stages of the development of the European steppe flora a 
direct imniigration from the Mediterranean and its neighbouring countries 
may be more easily imagined than the often supposed migration in large 
numbers from the foot of the Altai, along a kind of relatively narrow corridor 
in Western Siberia. We have no ground for believing that the Altai itself had 
an especially great importance as a centre of development for the steppe 
vegetation. According to Krasnov- geological and phytopalaeontological data 
witness that a wet climate existed there during the Tertiary. It is possible 
that a certain number of steppe plants developed afterwards on dry rocks 
of the southern slopes and closed valleys of Altai, as Krasnov supposes. It 
can, however, be hardly supposed that the plants thus originating were of 
greater importance for the steppe vegetation of Europe than those originating 
in the same way during the dry period in the mountains of Europe itself 
and in its neighbourhood, such as the South Urals, Caucasus, the mountains 
of the Balkan Peninsula, of Middle Europe, etc. Doubtless many xerophytes 
originated in the interior of Asia and penetrated into Europe through the Uralo- 
Caspian gate. However, among all the ways which lead from the interior of 
Asia to Europe, this one could be used only for the relatively shortest time, 
which reduces its importance. Typical representatives of the Tmkestan flora 
could spread in large numbers only as far as the Volga 

1 T. Androsovosky . “ Vorlaufigcr Boricht viber die im Jalirc 1911 in den Steppen Kleinasiens 
ausgefuhrte Keise.” Bofanikay Kozlamenyck, 11 , 1(>-21, Sup})!., 1912. 

2 A. itrasnov. “Notioeg siir la vegetation de I’Altai.” Scripta botan. Norti Univ. Petrop. 1, 
183-214, 1889. 

® A. Beketoff. “Sur la flore du gouvernement do Yekaterinoslav.” Scripta botan, 1, 32, 1886. 
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Xerothermic plants doubtlessly existed in many localities around the 
Mediterranean and especially in the neighbourhood of the old xerophytic 
centres, i.e. of Iran and the Iberian peninsula. From there they could easily 
find their way to the European steppes. These ways of distribution may be 
traced in several cases. Thus according to Briquet, the xerothermic plant 
element in the Western Alps came from Piedmont^. From the works of Beck^ 
and Hayek^ the influence which the flora of the Karst exercised upon the 
Pannonian steppe vegetation is known. 

Many xerothermic plants undoubtedly immigrated into South-East 
Europe from Iran and Asia Minor either along the western shores of the 
Caspian Sea or along the western shores of the Black Sea. The researches of 
Medwedew, and especially his very instructive map of the Caucasus ^ show 
us the route of the migration through that country. The steppe vegetation 
in Eastern Cis-Caucasia is directly related, according to him, to the vegetation 
of the dry districts of Transcaucasia. This vegetation spreads far into the 
interior of Transcaucasia along the valleys of Kura and Arax; it reaches the 
foot of Ararat and Erivan in the Armenian plateau. This vegetation is also 
closely related to the ste])])e formations of Asia Minor and Armenia^. On tlie 
contrary, the steppe vegetation of Western Cis-Caiicasia does not sliow^ the 
same close relationship to Transcaucasia and Iran. Tliese facts are cuisily 
understood, because between the two districts lies a barrier, in the shape of 
the moist ^md forested South- Euxinian zone (in the sense of Engler), which 
occupies the western part of Transcaucasia and the north-eastern shore of 
Asia Minor and which represents remnants of a thermophilous Tertiary 
vegetation. 

No similar barrier exists west of the Black kScu, i.e. in the eastern part of 
the Balkan Peninsula. There are neither high mountains nor large spaces 
with moist climate, only a small one in the district of Strandja, which is the 
last outpost of the South-Euxinian vegetation. Besides this, the communica- 
tion between Europe and Asia through the Balkan l^eninsula is older than that 
across the Caucasus. In past geologi(‘.al times a broad connection existed between 
the Balkan Peninsula and Asia Minor, across the Archipelago, whereby a mass 
migration of plants was possible. According to C. and E. Reid®, whose opinion 
is based on phytopalaeontological data, a large number of species among the 
present temperate vegetation of Europe immigrated by this way from Asia 

1 Lx, pp. 172-173. 

* G. Beck von Mannag'etta. “t)ber die Bedeutung dor K arstflora in der Entwicklung dor 
Flora dor Ostalj^en,’’ Ris, Hcient. con^res hot. pj). 174-178. Vienne, 1905. 

“ A. Hayek. “ PoatiHche imd [)ariiionische Flora.” OeMerr. hot. Zv.itschr. pp. 231- 235, 1923. 

^ J. Medwedew. ‘‘t)ber die pSanzengeographischen Oebiete des Caucasus.” Monitmir du 
Jardin Botanique de Livr. 8 , 1-6(5, 1907. 

^ L.c. p. 46. 

® C. and E. Reid. The PI ioesne Flora of the. Dutch- Pi'nssian Borders^ pp. 22-23. The Hague, 
1915. E. Reid. “Recherehes .sur quelques graines pliocenes du Pont-de-Gail.” Bull. Soc.. Qdol. 
de France, 20 , 52-57, 1920. 
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during the second half of the Tertiary. Xerothermic plants could also reach 
Europe throiigh this immigration. There is geological evidence that centres 
with dry climate existed during a part of the Tertiary both in Iran and also 
in Central Asia^. The existence of an extremely large number of endemics 
in the xerophytic vegetation of Turkestan, with many endemic genera and 
several monotypes among them, speaks in favour of this opinion^. 

Zoogeographical data also affirm the existence in the past of a large 
Oriental immigration into Europe. It is characteristic that this immigration 
is especially well expressed in those groups of animals which are biologically 
attached to definite plant species, and can therefore migrate only together 
with them. Such is the case of butterflies. A large number among them are 
supposed to have originated in South-West Asia, as for example the genera 
Papilio, Thau, ]Mrnassius\ Colius, Danaja, etc. 

In all cases, when the vegetation of a certain country has not been previously 
completely destroyed by some phenomenon, like extensive glaciation, it is 
always most probable to suppose that the migration of plants between that 
country and a neighbouring one occurred in both directions, that is to say 
consisted in an exchange of plants between the two countries. Such an ex- 
change probably took place between Europe and Asia in Pre-glacial times 
Thus in the flora of Turkestan, genera are represented whose chief distribu- 
tion and apparent place of origin lie in the Mediterranean province. In this 
way tlie vegetation of the Mediterranean and that of the Asiatic Steppe 
province mixed together so closely, that now they c‘un hardly be distinguished 
from each other by pliytogeogra])hers. Thus may also be explained wliy 
many xerothermic plants could afterwards spread, in a relatively short time, 
through the steppes of Europe and Siberia and be represented in both by 
parallel forms (as, for example, the sect. Pulsatilla of the genus Anemone^). 
The Oriental immigration doTibtless had a great influence upon the 
xerothermic vegetation of Bulgaria. Among 226 Bulgarian plants, which 
V^elenovsky listed as having originated in Asia Minor and Armenia, a large 
number are xerothermic species. The route of the Oriental immigrants may 
be clearly observed in the vegetation of Bulgaria and the neighbouring 
countries. Some of them have only reached as far as the European shore of 
the Marmara sea, Bosphorus or Dardanelles, as for example Silene cMoraefolia, 
Dianlhus lydus, Astragalus analoluyus, A. trojanus, Gonocyf/isus angulaius, 
Iledysarum variuni, (hiobrychis cana : others reached the foot of the Rhodope, 

^ J. and C. Gregory. “7''lie Geology and Physical Geography of Chinese Tibet.’' Philos. 
Trans, of the Royal Soc. of London, pp. 257--258, 192.^. 

* B. Fedchenko. The Vegetation of Turkestan (Russian). Petrograd, 191.5. More than 95 
endemic genera, among which more than 20 are monotypic. About 50 genera have distributional 
areas both in Turkestan and the East Mediterranean (in the sense of Engler). 

® Numerous closely related species are widely spread in Europe, the Orient and Asia. Of. 
A. Hayek. ‘‘Kritische Bbersicht iiber die Anemone- A rten der Section Campanularia Endl.” 
Festschr. zur Feier des siehz. Geharisiages P. Ascherson, ]){). 451 475. Leipzig, 1904. 

* L.e. pp. .911 .314. 
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thus Arisiolochia hirta, Rhazia orientalis^ Genista anatolica. Several species 
stopped in their migration towards the north at the foot of the Balkan range, 
thus Aethionema huxbaumii, Cleome aurea, Polygala rhodopea, Centaurea mon- 
acantlia, the spinescent representatives of the genus Astragalus, sect. Trag- 
acantha, etc. Many other species doubtless spread farther north along this 
route and reached South Russia. Thus of the abundant Oriental species of 
the genus Celsia four reached Bulgaria, but only one of them penetrated as 
far as South Russia. The genus Verbascum , after its immigration into the 
Balkans, received here a new development and is represented now in the 
Bulgarian flora by more than 30 species, mostly xerothermic plants. Of the 
eight species of Verhascmn, which Krasnov records for the South -Russian 
steppes, six are found also in Bulgaria and the other two grow in the 
Caucasus and Armenia. 

The above mentioned Jurinea tzar-ferdinandi, which occurs in Bulgaria 
and has the character of a relict plant, connects the South- Russian Jurinea 
sioechadi folia, belonging to the Sect. LinearifoUae, with the representatives of 
the Asiatic Sect. Stoechnumniae. Many more such examples could be 
quoted. 

Corresponding to the geographical situation of Bulgaria, which lies at 
the boundary of the Mediterranean province, the influence of the Mediter- 
ranean flora is especially strong among xerothermic jdants. A very large 
number among these plants belong to the Mediterranean vegetation. On the 
contrary, species which may be supposed to have immigrated into Bulgaria 
direct from Siberia, through the IJralo-Caspian gate and South Russia, are 
very few, even among plants commonly regarded as forming a step})e element. 
From this point of view interesting results may be obtained by examining a 
list of Bulgarian ‘\steppe plants.” Considering that the conception of “steppe 
plants” is not a very definite one and in order to avoid making an arbitrary 
choice, we shall examine only that group of Bulgarian plants, which Krasnov 
listed, among others, as characteristic representatives of the South- Russian 
steppe vegetation. Firstly it must bo noted that the above mentioned species 
grow in Bulgaria under very various ecological conditions. Thus we meet 
among them several inhabitants of meadows such as Thalictrimi minus, 
Clenialis integrifolm Trifolium mmitanum. Polygala vulgaris, Orobus albus, or 
even of swampy meadows, such as Leucojum aesf ivum. Others among them are 
representatives of the forest vegetation, as for example Myosotis silvatica. 
Many of them grow on rocks, thus Dictamnus fraxinella, Silene longiflora, 
Cotoneasier vulgaris, Convolvulus cantabricus, etc. Several are ruderal or half- 
ruderal plants, as for example Eryngium. campestre, Tordylium maximum. 
Inula salicina, L hirta. Chiefly on sand and rocks of the sea shore may be 
found Helichrysum arenarium, Artemisia maritima, Ephedra vulgaris. Also 
predominantly in the warmest parts of the country grow Ceratocephalus 
orthoceras, Linum-flavum , L. hirsutum, L. tenuiflorum, Haplophyllum suaveolens, 
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Salvia aethiopifi, etc. Others among them are on the contrary representatives 
of the subalpine belt of vegetation in high mountains, thus Libanotis montana, 
Antennaria dioica, Sanguisorba officinalis. Especially on subalpine and alpine 
rocks grows Scutellaria alpina (1700-2500 metres above the sea). The ecological 
history of the steppe vegetation has perchance left its traces in this various 
distribution of steppe elements. 

Another interesting result may be obtained if we divide these plants both 
according to their geographical distribution and systematic relationship. 
In this way an approximate conclusion concerning their origin may be reached. 
Thus firstly we find a group of species which may be sup[)osed to have grown 
in Europe even in Pre-glacial times. Such is a group of plants which have a 
circumpolar distribution or a very large distributional area in the warm belt: 

Ranunculus acor Myosoiis silvatiea Fosiuc^a ovina 

Tiirritis glabra Euphrasia officinalis Koohu’ia cristata 

Antennaria dioica Plantago media Tragus raccJiiosus* 

Acliillea millefolium Andro]K>gon iseluKunum* Rierochloc odorata 

* Wid(‘ly s])r(‘ad tlirough the warm temperate and tropical zones of both hemis]»heres. 

In the Pre-glacial strata in Europe were found: 

Sanguisorba officinalis ('otoneasbu' vulgaris Thymus serpylluni 


An old origin or an old immigration into Europe may be supposed also 
for a group of plants which have a large area both in Europe and Asia and also 
systematically related forms in both continents and often also in America. To 
this group belong: Thaliciruni minus (a large distributional area; found in the 
lower Glacial strata in Europe), Anemone silvestr is (a large distributional area; 
and related forms both in Europe and Asia), Diciarnnus fra'M^^^^ (a monotypic 
genus with a very large distributional area), Vida tenuifolia (a large distribu- 
tional area and relations in Eurojje and Asia); FilipeMdu^^ hexapeiala (a large 
distributional area; the only closely related species, F. ulmaria, is found 
in Pre-glacial strata in Europe); F rag aria colli na, Bupleurunijalcaium (a large 
distributional area; related forms in Europe, Asia and South Africa); Turgenia 
latifolia (a monotypic subgenus, widely S2)read in Europe and Asia through 
the Orient); Antirrhinum orontium (a monotypic section, covering a large 
area in Europe, Asia and N. Africa); Ajuga genevensis (a large distributional 
area; related forms both in Europe and Asia; the closely related A. replans 
is found in Pre-glacial strata in Europe), Ephedra vulgaris, Pulsatilla vulgaris, 
P. patens, P. 27rafensis. 

Especially large is the number of species, which have both their distribu- 
tional area and chief relatives in the Mediterranean j)rovince (in the large 
sense) or in its close neighbourhood. As such may be listed : 


Ranunculus illyricus 
Erysimum odoraturn 
E. cuspidatum 
Alyssum argenteum 
A. calycinum 
A. tort unsura 
Camelina microcarpa 


H e I ian t J lem ura oe^ Ian d i c u n i 

Poly gala major 

P. vulgaris 

P. comosa 

Diantlius armeria 

1). pseiidarmcria 

I), capitatus 


1). trifaseiculatus 

I) . at rorubons 

J) . carthusianoruni 
1>. campestris 
(lypsophila glomerata 
Si lone com pacta 

S. longiflora 
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Alsiiie t'Cnuifolia 
Linum flavum 

L. tauricum 
L. nervosum 
L. austriacurn 
L. hirsutum 
L. tenuifolium 
Haplophyllum suav^eoletis 
Rhus cotinus 
(ienista tinctoria 
("ytisus capitatus 
C. austriacus 
Anthyllis vulneraria 
(ilycyrrhiza echinata 
Astragalus pontieus 
A. clasyanthus 
('oronilla varia 
Oiiobryohis graeilis 
( )robus albus 

O. canescens 
Dorycnium herbaceuni 
Potentilla opaca 

P. patula 
Herniaria hirsuta 
H. incana 

Bupleurura rotundif oli um 
Pimpinella tragium 
Seseli tortuosum 
Tordylium maximum 
Peucedanurn ruthenicum 
Asperula cynanehioa 
A. tinctoria 
A. glanca 


A. tyraica 
Galium moUugo 
Valeriana tuberosa 
Cephalaria transsilvanica 
Inula ensif<^>lia 
i. sqiiarrosa 

Echinops sphaeroccpha 1 us 
E. ritro 
E. exaltatus 
Xerantbemum annuum 
CVmtaurea solst itial is 
(I marschalliana 
0. scabiosa 
C. montana 
(1 orientalis 
(J. salonitana 
C. ovina* 

O. diffusa 
8corzonera moll is 
Tarax ao u m sorotinum 
Lagoscris orientalis 
PhytiMima canescens 
(/ampanula bononiensis 
Vinca herbacea 
Vincetoxicum officinale 
Anchusa barrel ieri 
A. stylosa 
Nonnea pulla 
Echium rubrum 
Onosma echioides 
(Convolvulus caritabricus 
VcM’bascum speciosum 
V. phlomoides 


Verbascum lychnitis 
V, phoeniceum 
V. blattaria 
Veronica austriaca 
(Jdontites rubra 
Pedicularis comosa 
P. campestris 
Salvia aethiopis 
S. austriaca 
8. nutans 
8. pendula 
8. verticillata 
Teucrium polium 
Stachys recta 
8. angustifolia 
Ajuga laxmannii 
Euphorbia nicaeuisis 
E. agraria 
Oocus bifforus 
(C. spcciosus 
Aegylops cylindrica 
Androj)f)gon gryllus 
Anthericum liliago 
A. ramosum 
Allium moschatum 
A. flavum 
Muscari racemosum 

M. botryoides 
Hyacinthus leucophaeiis 
Ornithogalum nutans 
O. umbellatum 
O. timliriatum 
(). tt'nuifolium 


* In Bulgaria represented by a form. 


The following species are distributed both throughout the Mediterranean 
Region and also far into the interior of Asia. Their chief relations are, however, 
in the Mediterranean province, wherefore their origin is most probably a 
Mediterranean one; 


Ceratocephal us orthoceras 
Ranunculus oxyspermus 
8i8y m brium strict issi m um 
Erysimum re])andum 
Alyssum campostre 
Isatis tinctoria 
Heliantheinum vulgaro 
Tunica prolifora 
8iIeno conica 
8. viseosa 
8. su})ina 

Hypericum elegans 
Lavatera thuringiaca 
Linum perenne 
Mcdicago falcata 
Trifoliura montanurn 
T. alpcstre 
Astragalus cicor 
A. onobrychis 
A. exscapus 
A. vesicarius 
A. albicaulia 
Lathy rus tuberosus 
Hanguisorba minor 
Eryngium campestre 


Falcaria rivini 
Trinia kitailx^lii 
Galium verum 
Knautia arvensis 
8cal)iosa ochrolouc^a 
Aster amellus 
Inula salicina^ 

I. hirta^ 

I. oculus christi* 

Helichrysum arenarium 
Achillea setacea 
Pyrethrum or)rymbosum 
P, millefoliatum 
Artemisia maritima 
A. pontica 
A. austriaca 
Seneoio j a coboa 
8. erucifolia 
8. doria 

Jurinea arachnoidea 
Tragopogon major 
T. orientalis 
T. brevirostris 

Gampanula sibirica (Caucasian 
or Iranian origin) 


(’. rapunculus 
Staticc tatarica 
8. latifolia 

Echinospt'r rn u m jjatu I u m 
Hindera umbt‘llata 
Verbascum nigrum 
Linaria genistacfolia 
Veronica teucrium- 
V. spicata- 
V. spuria*** 

Origanum vulgarc 
8alvia sil vostris 
Nepeta pannonica 

N. ucranica 
8cut-ellaria alpina 
Teucrium chamaedrys 
Sideritis montana 
Euphorbia gorardiana 
Poa bulbosa 
Iris pumila 
Asparagus officinalis 
Allium verticillatum 
Ornithogalum narbononso 
Gagea pusilla 
Theaium ramosum 


^ (L G. Beck. ‘Mnulae ouroj)eae.” Dmkschr, AkatL Wiss. 44, 1881. 

■'* According to E. Wulf. Crimo-Cauensian s'pecies of the Genua Veronica (Russian), 1915. 



N. Stoyanoff 


153 


Another group of species is widely spread through the Mediterranean (the 
Orient) and the interior of Asia; their relations lie in Asia or are vague. This 
group represents most probably the Oriental immigration. To this group 
belong : 


Adonis vernal is*** 
Erysimum canoscens 
Gypsophila paniculata 
Glycyrrhiza glabra 
Astragalus austriacus 
Spiraea crenifolia 
liibanotis montana 


Artemisia eampestris 
A. seoparia 
Chondrilla juncea 
Androsaee maxima 
A. elongata 
I ‘lilom is tu berosa 
Euphorbia virgata 


Stipa capillata 
S. pennata 
Tritieum eristatum 
Linosyris vjiJgaris 
L. villosa 
Kochia prostrata 


* The immigration route is not eompletely clear; it may have l)een the Siberian one, but more 
probably was across the (^aucasus. 


Some of them may have immigrated into Europe through the Caucasus. 
Kochia prosirata may as likely be of European as of Asiatic origin; its 
spreading, however, occurred probably through the Orient. 

The following species have their distributional area and relationship chiefly 
in Europe, yet not in its Mediterranean part: Ranunculus polyanthemm, 
Hesjjeris tristis (Pontic distribution and relations), Viola hiria, Arenaria 
rigida (Pontic distribution, relations in the Mediterranean province and in 
Asia), Geranium columhimini, Potentilla recta (Pontic origin, according to 
T. Wolf^), P. mclinata, P. argentea, Peucedanum alsatic/um, Serratula hetero’ 
phylla, S, tincloria. 

The following species are spread through Eastern Europe and Siberia, but 
are lacking in the Orient ; their distribution may be supposed to be the result 
of a direct exchange between Europe and Siberia through the Uralo-Caspian 
gate: Paeonia tenuifolia (the origin is not quite clear, it may be South Uralian, 
North Caucasian or West Siberian); Silene chloraniha (most probably of 
European origin but spread far towards the east) ; Caragana frutescens and 
A stragalus testiculalus are of Asiatic origin and their immigration into Europe 
occurred probably directly from Siberia, although possibly through the 
Caucasus. Aniygdalus nana, Prmius chamaecerasus and Admophora liliifoUa 
may be considered as direct immigrants from Siberia. 

Thus among the named steppe element in Bulgaria the number of species 
which may be supposed to be direct immigrants from Siberia is very insignifi- 
cant, especially in comparison with the number of species which have probably 
originated in the Mediterranean province (in a broad sense). It must be 
emphasized, however, that the above analysis and its results cannot claim to 
have an absolute value. Neither the geographical distribution nor the present 
taxonomic relationship by itself is able to show with certainty the place of 
origin of a species. The inexactness of both methods of investigation has been 
proved by Kerner^ and Briquet. By neither method can more than a 
certain probability be reached. Therefore on the basis of the above analysis 


^ “Monogr. d. Gatt. Potenfilla.''’ liihliothvca liolanim^ N. F. 1 , 1908, 
* Pfianzenlahen, ii. 838, 1891. 
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only one general conclusion can certainly be reached, that the so-called 
“steppe plants” in Bulgaria are chiefly of Mediterranean origin. 

Considering the geographical situation of Bulgaria this result is very 
natural, especially if we remember that even in the South-Russian steppes of 
the government Yekaterinoslav, Beketofl found a larger number of Oriental 
(Caucasian) immigrants than of plants which had migrated direct from 
Turkestan and Siberia h 

Prom the circumstance that among plants common to Bulgaria and the 
South-Russian steppes the Mediterranean elements prevail, it is evident 
that the migration of plants between the two countries occurred chiefly in the 
direction from south towards north, and to much less extent in the opposite 
direction. This migration occurred probably as the climate was gradually 
becoming warmer after Glacial times and as a result of the climatic changes. 

> L.c. ])i), T.'i 78. 



SOIL SOURNESS AND SOIL ACIDITY 


By W. H. PEARSALL. 

{With, one Figure in the Text,) 

In a recent number of this Journal ( 14 ) criticisms have been directed at 
a suggestion put forward by the writer in 1922 to explain some cases of soil 
sourness (11). Since these criticisms appear to be founded upon a miscon- 
ception and mis-statement of the original suggestion it is necessary to refer 
to them in some detail and the opjiortunity may also serve to draw attention 
to some of the problems facing the student of the subject. 

The majority of investigators fail to distinguish soil sourness from soil 
acidity (or the hydrogen ion concentration of the soil). These two factors are 
usually associated in nature but they are not of necessity the same nor even 
interdependent. There are, of course, a number of factors which also are often 
or usually found in soils which are sour, e.g. deficient nitrification, deficient 
aeration, high organic content, organic soil toxins. It is advisable to keep all 
of these factors in mind in discussing the phenomenon of soil sourness for any 
of them may serve to prevent the growth of normal plants on sour soil. The 
heathy plants which are found on sour soils in nature are clearly able to 
withstand all the factors which normally occur in such soils and it appears to 
be true that these plants are also “calcifuge” and unable to grow on normal 
soils. The problem tlius assumes great complexity. We have not only (i) to 
determine the factors which prevent normal plants from growing on sour soils 
but we have also (ii) to find an answer to the question why heathy species can 
grow on sour soils, but (iii) cannot grow on normal soils. These three groups 
of problems may be different aspects of the same problem. The present evi- 
dence, however, suggests that they are not. 

Turning now to the soil side of the problem, we have first to recognise that 
soils may apparently be sour and yet only slightly or not at all acid. This is 
another aspect of the fact, to be considered in detail below, that the distribu- 
tion curves of species in relation to the hydrogen ion concentration, overlap 
enormously. We may thus find heathy species growing profusely on soils 
whose pH value lies between 6 and 7. In order to explain cases of this kind 
the writer suggested in 1922 that soil sourness might be attributed (a) to 
calcium deficiency in the soil and (h) to a high proportion of potassium and 
sodium to calcium (and magnesium). This suggestion was based on the 
examination of the waters of some nearly neutral gravels on w^hich Calluna 
and Nardus were growing, together with the known fact that calcium leaches 
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from normal colloidal soils more rapidly than potassium and sodium. Leaching 
is one of the principal causes of soil sourness and it clearly leads to an increase 

ratio in the soil ( 11 ). The problem is capable of being attacked 


in the - 


from another angle. If heathy plants can only grow on soils deficient in cal- 
cium then the basic ratio must be of fundamental importance to them, because 
the physiological effects of calcium can be “antagonised” or removed by 
potassium and sodium. The literature is full off instances of this fact and we 
may be pardoned for not taking specific cases in detail. The position of mag- 
nesium in regard to these physiological activities is intermediate. It “ antagon- 
ises” both potassium and sodium, and also calcium. Since, however, the 
principal factor in determining the basic ratio in soils is calcium deficiency, 
the behaviour of magnesium is, at the moment, of small importance except 
in those soils where it is present in predominant quantities. 

Dr Salisbury ( 14 ) has recently subjected the suggestion outlined above to 
some detailed criticism, although the value of his criticisms is considerably 
lessened by the fact that he has not even stated the basic ratio hypothesis 
correctly, for he describes it as the “ratio between calcvmn and sodium and 
potassium and ^riagnssium.'^'' (The italics are his.) 

His criticisms are (1) that the chemical composition of the soil solution 
cannot be inferred from soil analyses, and that the proportions of potassium 
extractable from soils are subject to great variations in relation to the water 
content of the soil; (2) that the basic ratio hypothesis involves the assumption 
that plants of calcareous soils are intolerant of high potassium contents and 
that the Rothamsted manurial experiments indicate that soil acidity is lessened 
by the addition of potassium salts; (3) that MasalFs results indicate that the 
growth of wheat in water cidtures is related to hydrogen ion concentration 
rather than to the basic ratio. 

The impartial critic would doubtless agree that all of these arguments are 
irrelevant so far as the published statements of the basic ratio hypothesis are 
concerned. Nevertheless we will consider these points in detail. 

1. If the composition of the soil solution cannot be inferred from soil 
analyses, then we cannot use such data to argue for or against the hypothesis 
under consideration. This hypothesis was not, however, based primarily on 
soil analyses, but (a) on analyses of water washed through gravel or flowing 
through it; (h) on the known facts of leaching and base exchange in normal 
soils. Further, one cannot imply, as does Dr Salisbury, because it is difficult 
to obtain information about the soil solution, that the composition of this 
solution has little or no effect upon the plants growing in it. 

The only grounds on which we can infer the possible composition of the 
soil solution, namely, from the expressed soil waters, from drainage waters, 
water extracts, acid extracts, and salt extracts, all alike indicate that the 
calcium content of the soil is subject to great variation in different soils and 



W. H. Pears ALT. 


157 


is lowest in sour and acid soils. In regard to the basic ratio, our information 
is limited since analysts do not usually estimate all the soil bases. By the salt 
extraction method, Kelley and Brown ( 8 ) have shown that the replaceable 
bases of acid soils possess a basic ratio averaging about twice that of normal 
soils, although their results exclude the calcium carbonate present, and hence 
give a much higher basic ratio for the normal soils than would really exist. 
Olsen’s figures ( 9 ), which are summarised below, refer to extracts with water 
saturated with carbon dioxide, but they similarly indicate a higher basic ratio 
for acid soils. 

No. of soil 



0 

14 

7 

18 

20 

19 

yUl value 
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61 
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01 (5 
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i-3n 

0-27 

()-2I 

0-14 

019 


Olsen ( 9 , 10 ) also supplies larger numbers of partial analyses giving only 
the potassium and calcium contents of the carbonated water extracts. These 
also show that a higher K/Vax ratio occurs in such extracts from acid soils, 
and there is a certain amount of variation in the ratio for slightly acid soils, 
so that we have clearly to keep acidity and the basic ratio distinct as soil 
factors. They are not exactly proportional. 

Dr Salisbury’s criticism that the amount of potassium extractable from 
soils is subject to great variation in relation to the soil water content, does 
not appear to me to be of much value. Some of the most important soil 
properties may be subject to great variation, as, for example, its water content 
and nitrate content. But Dr Salisbury makes the astonishing statement that 
these fluctuations are shown in '‘determinations based on the actual soil 
solution.” This statement is incorrect, since the fluctuations are obtained by 
comparing the expressed soil solutions, from soils containing at most 23 per 
cent, of water, with the water extracts (one part soil to five water) which 
represent a "water content” of 500 per cent. (Burgess, 3 ). It is not justifiable 
on these data alone to infer that the potassium content of the soil solution 
from any single soil is subject to great variations under natural conditions, 
especially since in the figures given by Burgess there is no relation between 
the amount of soil moisture and the potassium content of the soil solution 
for the different soils examined. The whole argument, however, is irrelevant. 
If we are to consider the basic ratio hypothesis, then we require to compare 
the calcium content of the soil solution and its basic ratio. The data given by 
Burgess ( 3 ) indicate, as far as their completeness and analytical precision will 
allow, that the two factors we require fluctuate in the same directions in the 
water extract as they do in the soil solution. The soils with the highest basic 
ratios in the water extracts are those with the highest basic ratios in the 
expressed solutions. 
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2. The basic ratio hypothesis does not necessarily involve the assumption 
that the plants of calcareous soils are intolerant of high proportions of potas- 
sium. It does not refer to such soils or to such plants ( 11 ) and it was, in 
fact, expressly stated in such a form as to refer only to soils poor in calcium. 
There are obvious reasons for this. At least two classes of soils exist which 
may be relatively rich in calcium salts and which have also a high basic ratio, 
namely, (1) salt marsh and similar marine soils, (2) ‘^alkali” soils as found in 
arid regions. While the plants of these habitats may have some similar 
structural features to those of sour soils, we have at present no other justifica- 
tion for comparing them. The further criticism that the addition of potassic 
manures to the Kothamsted plots has not increased the acidity or sourness of 
these plots, is thus beside the point, since the soils used are relatively rich 
in calcium. Further, the addition of potassium salts to soil does not necessarily 
increase either the content or proportion of potassium in the soil solution. 
The actual result of such a treatment will vary with the nature of the 
treated soil. In the case of a calcium rich normal soil like that at Kothamsted, 
the probable result of adding potassium salts would be that the potassium 
would be “ adsorbed ” by the soil, while other bases, and principally calciurn, 
would replace it in the soil solution. That some such change takes place at 
Kothamsted may be inferred, not only from the increase in the production of 
leguminous species, but also from Voelcker’s analyses of the drainage waters, 
which show little or no change in the potassium content but a very largely 
increased proportion of calcium ( 6 ). It cannot be argued that this would always 
be the result, for if the soil were deficient in bases, iron and aluminium 
would be liberated on adding the potassium salt, as in Comber’s test for soil 
sourness ( 5 ). There may also be a third case, that of acid peaty soils deficient 
in iron and aluminium, where the addition of neutral potassium or calcium 
salts may cause a decided increase in hydrogen ion concentration. The origin 
of this increased acidity is at present unknown. 

It is necessary to enlarge on these points in order to demonstrate that one 
must be very cautious in arguing from manurial experiments, unless fairly 
precise data as to effect are available. The considerations outlined above, 
however, suggest a possible cause for the well-known fact that soil sourness 
is removed most thoroughly by lime and not by addition of any calcium salt. 
Kemembering that soil sourness and soil acidity are usually associated, then 
we have probably two e^^treme cases to consider: 

(1) The addition of liii^e removes both sourness and acidity. 

(2) The addition of calcium salts of strong acids, e.g. chlorides, sulphates, 
removes calcium deficiency bi^t increases acidity. 

In the second of these caijjes, a high hydrogen concentration may still 
remain as a bar to the growth ()>f normal plants, so that this treatment would 
not materially im})rove the crojVproducing power of the soil. 
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3. Dr Salisbury accepts and refers to MasalFs results that wheat shows a 
definite optimum growth in relation to hydrogen ion concentration but none 
in relation to the basic ratio of the culture medium. It may be pointed out 
that the basic ratio hypothesis was not devised to account for the growth of 
wheat, but as an explanation of the distribution of heathy plants. The fact 
that different species behave in very different ways is beautifully illustrated 
by the case of barley. This cereal is extremely sensitive to soil sourness (much 
more so than wheat) but less sensitive to high hydrogen ion concentrations 
(Olsen, 10 , Arrhenius, 2 ). There are grounds for believing that high proportions 
of available aluminium may be the toxic element in sour soils in this instance 
(Olsen, 10 , Hartwell and Pember, 7 ) and an analogous case is apparently that 
of the tea-plant ( 4 ). 

On the other hand, Olsen ( 10 ) found that barley alone of the acid and 
alkaline soil plants he tried was sensitive to aluminium. It is, therefore, pretty 
clear that we cannot apply either the barley or the wheat result to other 
plants without further evidence. A variety of reasons have been suggested 
(and on good evidence) to account for the inability of normal plants to grow 
on sour and acid soils and individual species may well be limited to normal 
soils by their inability to grow well in the presence of any one of the following 
factors, viz. (i) high hydrogen ion concentration, (ii) low calcium content, 
(iii) low calcium and high proportion of aluminium and/or iron, (iv) low 
calcium and high basic ratio, (v) organic toxins, (vi) scarcity of available 
nitrogen, (vii) scarcity of oxygen. It would be folly to assert, in the present 
state of our knowledge, that any one of these factors kept off all normal 
species from sour soils. Advocates of the case for hydrogen ion concentration 
(Olsen, 10 , Salisbury, 14 ) overlook two very important points: (i) that sour 
soils exist which are not or only slightly acid, (ii) that the limits of distribution 
in nature, and even of sucjcessful growth, occur at very similar hydrogen ion 
concentrations for perhaps the majority of species. For example, the dis- 
tribution curves for Pteridiuni acjiiilinutn and Kaccc/icwm iuyrtillm (or for 
Ficaria and Mercurialis) given by Salisbury ( 14 ) show remarkable similarity 
and it is clearly not permissible to assume that hydrogen ion concentration 
exerts any appreciable role in differentiating their distribution in the localities 
examined, although possibly most ecologists would regard Faccini?//// as the 
plant more characteristic of sour soils. Even when the average distribution 
curves show different modes, e.g. Vacciniimi myrtillus and Mercurialw peren- 
nisy there is often a very considerable overlap of the pYi ranges, and this may 
be much greater for the species mentioned than is indicated by either Olsen 
( 10 ) or Salisbury ( 14 ). For instance, in the Crag Woods (N. Lancs.) Mer- 
curialis grows in abundance between pH 4*9 and 6*2, while the similar values 
for Vaccinium in these woods were pH 4-2 to 6-0. We are not justified in 
saying that hydrogen ion concentration determines the distribution of these 
species in this instance. On the other hand, all the Vaccinium soils tested 
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were “sour” with Comber’s thiocyanate test ( 5 ), while those under Mercurialis 
were not. It is, in this instance, reasonable to attribute soil sourness to the 
quantity ^nd character of the soil bases, and this, rather than the value, 
appears to be associated with the distribution of the vegetation. 

A similar overlapping of ranges of hydrogen ion concentration, which is 
of interest, is that shown by Phragmites communis compared with Eriophorum 
(either vaginatum or angustifolium). The ranges (not necessarily extreme 
for these plants) are 7*7-5*0 {Phragmites), 7*0'“3-7 {E. angustifolium) and 
6*l-3’5 (£. vaginatum) for localities where the species were abundant but not 
intermixed. These results are of interest because both Phragmites and Erio- 
phorum. are tolerant of high proportions of aluminium (Stoklasa, 16 ) and we 
seem to have here a case in which neither aluminium nor acidity can be 
regarded as the decisive factor over the overlapping ranges. 

These instances are only a few among the many which might be cited. 
We can state the problem in a more general, yet equally definite way. Prac- 
tically all species are able to grow abundantly on soils whose pH value lies 
between pH 5 and 6-5, yet some of these soils bear “sour” types of vegetation 
and others do not. 

One other point remains to be considered. What importance are we to 
attach to curves showing the incidence of species in relation to the hydrogen 
ion concentration of the soil? Salisbury ( 14 ) appears to attach considerable 
importance to these curves in spite of the objections to which they are open, 
and his results may be taken as representative. In actual fact such curves 
require very careful analysis before any arguments can be based on them. 
The need for analysis will be apparent from the following considerations. 
Curves showing the incidence of a species in relation to any variable soil 
factor would presumably obey the general rule and show a “mode” com- 
parable to the “mode” shown in Salisbury’s curves. We require, at the very 
least, to know if the differences between the various modes (for different 
species) are significant or not. From the overlapping nature of the curves 
this appears to be improbable. Furthermore, no attempt is made to eliminate 
the influence of the curve, showing the relation of number of soils examined 
to the various pH classes. Olsen ( 10 ) has attempted this by expressing his 
results as “ percentage frequencies” or as “ percentages of localities examined.” 
Presumably Salisbury’s curve for Psammxi “frequency” at Blakeney Point is 
of the same sort, though information on this vital point is lacking. Even so 
it cannot be claimed that the influence of the “soil curve” is eliminated. 
According to Salisbury’s own data ( 15 ) about 62 per cent, of the Blakeney 
beach and dune soils lie between pH 6*9 and 7-2, and it is therefore extremely 
probable that Psamma will be most frequent at these jyH values (see Fig. 1). 

Salisbury further draws attention to what he characterises as the “bi- 
modal” incidence curve shown best by Fagus, Mercurialis and Ficaria. All 
of these species show modes at the same places, 6-6*5, and pH 7-7*5. Now 
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Salisbury gives no data as to the number of soils examined in each of the 
classes, so that the influence of the “soil curve” on these modes cannot be 
estimated. My own random collection of soil values (for north of England 
woodlands) includes a fair range of both siliceous and calcareous soils and will, 
perhaps, serve to indicate the effect of the number of soils occurring in each 
of the joH classes. Curiously enough, the data show modes at precisely the 



Fig. 1. The curves for “Percentage Frequency” of Paamma at Blakeney and the number 
of soils recorded by Salisbury at each pPL value for the beaches and dunes at Blakeney 
Point. 
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pH values at which the modes for the incidence curves occur in the cases 
mentioned above : 

Numbers of recorded pH values for soils of different tyfes, 

class 


t 

4-4-4 4-5-4-9 5-5-4 5-5-5-9 6-0-4 6-5-6-9 7-7-4 7-5^8 


1. Calcareous (Yorks.) 

— 

— 

— 

— 

8 

19 

31 

12 

2. Calcareous clay (N. Lancs. ) 

— 

2 

4 

9 

17 

14 

26 

4 

3. Siliceous* ... 

10 

41 

26 

29 

30 

11 

3 


Total 

10 

43 

30 

38 

55 

44 

60 

16 


* Carboniferous and Red Sandstones, Silurian. 

The bimodal incidence curve, for the three species under discussion, is 
clearly suspect, especially since all of these three species occur both on cal- 
careous and siliceous soils. Still further examination reveals other objections 
to the bimodal incidence curve. It is not shown in Olsen’s data for either 
Mercurialis or Ficaria ( 10 ), and for the relatively few cases in which he obtains 
a bimodal curve (Festuca and Taraxacum) Olsen puts forward the suggestion 
that the species includes different sub-species which tend to occur at different 
hydrogen ion concentrations. Secondly, data from the north of England for 
the distribution of Mercurialis in relation to hydrogen ion concentration do 
not indicate a bimodal form. In fact the maximum number or percentage of 
occurrences occurs in the region (pH 6-5"6*9) given by Salisbury as the de- 
pression between two modes. 

pH values of soils on which Mercurialis was abundant, 

class 

4^')-4-9 5-5-4 5-5-5-9 6-6-4 6-5-6-9 7-7-4 7-5-8 

No. of records... 1 5 6 8 16 9 2 

% of total soils* 2-3 16-6 15-8 14-5 36-3 15-0 6-2 

* Percentage of the total number of woodland soils examined in each />H class. 

Thus the bimodal incidence curve cannot be regarded as a satisfactory 
basis for argument, until the data have received careful statistical analysis 
and until the present discrepancies in the evidence have been reconciled. It 
may further be pointed out that the comparison of these bimodal-incidence 
curves and the curves obtained by growing plants in culture media at different 
pH values is not a happy one. The growth curves may show a bimodal form 
when expressed graphically — but there is no sort of agreement between the 
results of different investigators or even the same investigator ( 1 , 2 ), either 
as to the existence of a bimodal curve, or as to the points at which maxima 
occur. 

The comparison between the incidence curves and the results obtained by 
Robbins ( 13 ) for the swelling curve of potato is equally unfortunate. Apart 
from the fact that the depression in Robbins’ swelling curve occurs at a 
different pH value from that in the incidence curve, the most cursory examina- 
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tion of Robbins’ data shows that he has ignored any other depressions in the 
swelling curve which did not occur in the region 5*5-6*0. Swelling curves 
for plant tissues in relation to different hydrogen ion concentrations are, in 
fact, composed of a series of ‘‘ modes ” and depressions. At least four depres- 
sions exist in the potato swelling curve (12), and other tissues examined are 
essentially similar. It is, therefore, not permissible to institute any com- 
parisons between these curves and bimodal incidence curves. 

The above analysis of the evidence may serve to draw attention to three 
main problems which require consideration : 

(i) Soil acidity appears to be distinct from soil sourness, 

(ii) A variety of factors may prevent normal plants from growing on sour 
and acid soils. 

(iii) Data grouped as “incidence” curves require detailed analysis before 
general conclusions can be based on them. (This would appear to be true of 
all such data where the distribution ranges overlap.) 
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TREE MYCORRHIZA 

Melin, Elias. Untersuchungen i)ber die Bedeutung der BaummyTcorrhiza. Eine 
okologische-physiologische Studie. Gustav Fischer, Jena: 1925. Pp. vi 
4- 152 and 48 figures in the text. 

Mclin’s researches on the mycorrhiza of pine, spruce, larch, birch and aspen (Melin, 
1921, 1922, 1923, 1924) marked the beginning of a new period in our knowledge of tree 
mycorrhiza, and already constitute a substantial contribution towards the solution of a 
much discussed and highly controversial aspect of the mycorrhiza problem. The indebted- 
ness of foresters and botanists to their Swedish colleague is increased by the publication of 
the papers now under review, in which fresh light is thrown upon the ph5rsiology of mycor- 
rhiza in forest trees. 

Summarising his earlier work on the mycorrhizal fungi of Conifers, Melin adds the names 
of several Hymenomycetes to the list of those already identified experimentally as mycor- 
rhiza-formers in pine and spruce, viz. Anvanita muscaria^ Cortinarius mnsatsus^ Lactarius 
delicioauSt and Mussula fragilis on pine; and Armnita muHcaria, Cortinarius halteatus, and 
Lactarius deliciosus on spruce. 

He offers also a warning on the need for caution in drawing conclusions from negative 
results in artificial cultures by reason of the changes known to be induced in the root-fungi 
under these conditions. He had shown in an earlier paper that the production of mycorrhiza 
in trees is determined by the physiological states of both symbionts, that of the fungus 
being especially prone to variation in respect to the qualities which determine “virulence.” 
Accepting this view, the formation of mycorrhiza in Conifers is a “rc'iciprocjal phenomenon,” 
a conclusion in agreement with that recently put forward in respect to heather (Rayner, 
1924). 

The greater part of the present paper is concerned with the results of a long series of 
experimental cultures designed to investigate the nutrition of both symbionts in Conifers- 
mycorrhiza and throw light upon their mutual relations. 

The conclusions already reached by the author himself are clear from his earlier works. 
Thus: “Die Birken- und Espenmykorrhiza ist kein parasitisches Gebilde, wie es z. B. 
McDougall meint, sondern Pilz und Wurzel leben in mutualistischer Symbiose miteinander ” 
(Melin, 1923, p. 517); and, again, after summarising the case for a mutual relation in pine 
and spruce under conditions favourable to mycorrhiza formation: “Diese optimal entwick- 
elte Mykorrhiza ist u. a. auf gutem Rohhumus und auf zur Aufforstung drftnierten Moor- 
boden schon vertreten. Ist der Pilz hkx Parasit an der Wurzel oder leben beide in mutual- 
istischer Symbiose zusammen? Auf diese Frage gibt es nur eine Antwort: Wurzel und Pilz 
leben in mutualistischer Symbiose” (Melin, 1923). 

Experimental evidence in support of these views has been obtained from the behaviour 
of the root fungi and their hosts when supplied with various nutrients and is marshalled in 
the paper now under consideration. It relates especially to the following aspects of the 
problem: (I) the general reactions shown by the two symbionts under pure culture con- 
ditions, with special reference to nitrogen assimilation; (2) the application of these experi- 
mental results to the conditions found in nature. 
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1. The technique adopted for growing seedlings in pure culture with and without in- 
fection was simple and effective. For synthetic cultures the use of sand watered with a 
suitable nutrient was preferred to humus, owing to the toxicity of sterilised humus to the 
mycorrhizal fungi; under experimental conditions mycorrhizae were formed only in sand 
cultures. 

Under pure culture conditions, the root fungi of pine and spruce display great variability 
in growth on favourable media. Some, e.g. the species of Boletus associated with pine, are 
relatively vigorous, others make vei*y feeble growth or are maintained with difficulty in 
artificial cultures. 

As compared with indifferent species and casual soil fungi, they are more easily affected 
by changes in the substratum and are extremely sensitive to the H-ion concentration of the 
medium. Whereas the former grow indifferently over a wide range of values, the root 
fungi, with few exceptions, prefer an acid substratum, and are incapable of growth at pH 
values on the alkaline side of neutrality. Optimum conditions for the fungi of pine and fir 
are provided by pH values between 4*0 and 6*0. In this connection it is of interest to note 
that pH values about 4-0 have been recorded for the humus layers of coniferous woods 
throughout middle and northern Europe by Hesselman (1917), and that Brenner (1924) 
found pR values ranging from 3*5 to 4-8 in similar soils in Finland. 

Of particular interest is the reaction shown to small amounts of phosphates by these 
fungi, in view of Hansteen-Cranner’s (1922) observations on the giving off of these sub- 
stances by the roots of the higher plants under certain conditions. In Mefin’s experiments, 
growth was markedly stimulated when the fungi were brought from pure culture into 
contact with seeds and seedlings of pine and spruce. 

Melin was satisfied that the effect was due to excreted phosphates, and attaches great 
importance to these observations by reason of the special growth relations shown by the 
mycon’hizal fungi in nature. 

The behaviour of these fungi in relation to nitrogen assimilation is of special importance. 
No evidence whatever was obtained that any of the forms can utilise atmospheric nitrogen; 
salts of ammonia, urea and nucleic acid all serve well as sources of nitrogen, while individual 
fungi can make use of peptone, asparagin, and a number of other organic compounds with 
equally good results. 

A long series of experiments with various carbon compounds led to the conclusion that 
growth was satisfactory only when glucose was supplied, thus supporting the popular 
belief that mycorrhizal fungi obtain supplies of carbon from the root cells of their hosts. 
Direct experiments on the utilisation of the organic compounds in humus were limited by 
the toxicity of this material when sterilised by heat, but humus extracts freed from micro- 
organisms by filtering gave weak growth, and the addition of glucose produced vigorous 
development as on favourable soil. 

The reaction of pine and spruce seedlings to various nutrients in pure culture was tested 
by germinating sterilised seeds, and growing the resulting seedlings in sand and humus 
cultures in special culture flasks for periods of two to three years. The capacity of such 
seedlings for independent growth had been determined in earlier experiments (Melin, 1923). 
Compared with uninfected seedlings they exhibit characteristic structural features in the 
root systems and have incidentally provided proof that there is no obligate relation with 
the root fungi, such as occurs in the developmental stages of orchids and heaths. 

A series of experiments designed to test the reaction of these seedlings to possible 
sources of nitrogen led to the following conclusions. There is no fixation of free nitrogen; 
inorganic compounds of nitrogen, e.g. potassium nitrate and ammonium chloride, provide 
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suitable sources of nitrogen; simple organic compounds, e.g. asparagin, can be readily 
utilised; more complex compounds, such as peptone and nucleic acid, are used with difficulty, 
as evidenced by the excessive length of roots in cultures to which they were supplied. 

Similar seedlings of pine and spruce, after inoculation by appropriate root fungi, pro- 
duced typical mycorrhiza in sand culture. Experiments with various nutrients confirmed 
the conclusions indicated by the behaviour of fungi and seedlings when growing alone. 

In view of its great importance, the possibility of nitrogen-fixation by the mycorrhiza 
in synthetic cultures was carefully tested and gave negative results, the small increase in 
nitrogen content at the close of the experiments being regarded as duo to atmospheric 
impurities. 

The reaction shown by these synthetic seedlings to various compounds of nitrogen is 
specially important in view of the long controversy about nutrition in mycorrhizae and 
their relation to the soil humus. 

The comparative growth of cultures supplied respectively with ammonium chloride, 
peptone and nucleic acid was determined by dry weight estimations, and the figures 
obtained after three years’ growth are supplied in Table 41 of the present paper. Evidence 
of the general condition of the cultui’es is provided by photographs of the seedlings after 
removal from the culture flasks, and is particularly impressive in the case of the nucleic 
acid cultures (pp. 82, 83). The roots of the seedlings with mycorrhiza are one-third, or less 
than one-third, as long as those of uninfected control seedlings, and exhibit none of the 
characteristic symptoms of nitrogen starvation shown by the latter. 

When combined with evidence drawn from the figures supplied in the tables, these 
observations appear to justify Melin’s main conclusion: “Diese Versuche zeigen, dass die 
Mykorrhizen auf complizierteren organischen Stickstoffverbindungen, beispielsweise Nu- 
kleinsaure und Pepton, fur die Pflanzchen niitzlicho Gebildo sind. In Reinkulturen ver- 
mitteln nkmlich die Mykorrhizen den Pflanzchen die Aufnahme der erwahnten N-Verbind- 
ungen im grossen und ganzen leichter, als dies die Wurzeln allein tun kann.” 

2. The application of these experimental results to conditions found in nature is of 
particular interest in view of the controversial views expressed by earlier workers, in respect 
to the significance of mycorrhiza in forest trees. 

Observations on the H-ion concentration most favourable to the. root fungi have been 
supplemented by field observations, as mentioned above, and beeome significant when it is 
realised that it is only in humus soils of the more acid type that coniferous mycorrhiza is 
freely formed in nature. Moreover, it is in soils of this class, i.e. those consisting largely of 
raw humus (Rohhumusboden), that the nitrogen supply exists chiefly in the form of organic 
compounds of relatively complex type. 

In humus soils with a more neutral reaction (Mullboden), e.g. those of heaths, coniferous 
mycorrhiza only appears sporadically, and it is suggested by Melin that its formation may 
be directly related to the known differences of behaviour in such soils in respect to the 
breakdown of organic material and the rate of nitrification. 

With regard to the distribution of the raycorrhizal fungi in nature, great importance is 
attached by Melin to the supply of phosphates associated with roots. It is suggested that 
these substances may be indispensable to the fungi, perhaps for the production of fruit 
bodies, perhaps in relation to the germination of spores. 

The main contention in this paper, namely, that mycorrhiza possesses a vital significance 
for trees and other plants growing in acid humus, if correct, opens up a whole new field 
for experimental enquiry, since it becomes of the first importance to provide conditions 
favourable to the formation and active functioning of mycorrhiza. This is especially true 
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in relation to forestry, since in woodland soils the amount of humus present is constantly 
increased by the process of leaf fall. 

In a summarised account, it is not easy to do justice to the wealth of observation and 
experiment that have made the publication of this paper possible. Its value is greatly 
enhanced by the large number of tables supplied in the appendix, in which the author’s 
experimental results are clearly set out. 
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SOUTH AFRICAN PLANT FORMS 

Bews, J. W, Plant Forms and their Evolution in South Africa. London, 
1925. Pp. 199, 31 figures and 1 map. 

The flora of South Africa has been long regarded as being one of very great interest 
from many points of view, and not least from the fact that it contains two very widely 
separated elements. The one, and to botanists outside, probably the better known, occupies 
a rather restricted area in the south-west portion; the other is much the more widespread 
flora and occupies the central and eastern portions. 

For the study of plant migrations and the possible phylogenetic history of such floras 
or of any special types of plants. South Africa possesses very many advantages. The con- 
tinent is a very old and stable one, and the land connection with the tropics and the northern 
hemisphere has remained mibrokcn, at any rate from the time of the evolution of the 
angiosperrns. The climate also, although it has imdergone fluctuations, has not had any of 
the violent devastating changes that have taken place in the north. At the present time 
{South Africa exhibits considerable varieties of climate each with its own characteristic 
vegetation type. 

In commencing to trace an evolutionary sequence of plant form and, hence, indirectly, 
of vegetation types, the author distinguishes two types of habitat. The first are those which 
have persisted for immense periods of time practically unchanged, what are termed primitive 
types of habitat. These are claimed to have remained unchanged since the evolution of 
flowering plants. The second are changing or derivative types of habitat which have not 
this long unchanged history. The former are represented by moist tropical or subtropical 
forest, marshes or swamps, stream sides, sea shores, and possibly mountain tops. The 
vegetation in all these cases is very w idespread. and covers very wide geographical areas 
without change of type. It is in these primitive habitats that the most ancient growth , 
forms are looked for. In determining on these, use is made of confirmatory evidence from 
other sources, such as floral morphology, structure and so on. The most primitive forms are 
regarded as being represented by the tree with broad simple leaves and by the halophyte. 
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All other types are derivatives and have been evolved in relation to increasing aridity. 
Evolution of growth form is regarded as being a progression from the hygrophyte towards 
the xerophyte. Extreme xerophyte desert plants, succulents, etc., represent very modem 
forms. The annual is regarded as the most highly evolved growth form. Certain plants, 
e.g. Gymnosperms, are considered on a different basis; these plants, very few in number in 
South Africa, are looked on as possible relics from a pre-angiosperm flora. 

Accepting this scheme of evolution of growth form, the author argues that succession 
passes through a series of stages that are the reverse of those passed in the evolution. The 
succession series is utilised in the building up of the phylogenetic story of the flora: statistics 
of growth forms, numbers of genera and species and so on are quoted in support of the 
theory advanced. 

These premises form the basis for the sketch of the origin and migrations of the flora. 
That of the east and the central region is regarded £is having come from migrations of 
plants from the tropics and subtropics. Here a good and connected argument is advanced 
in support. This is the author’s own ground and the account here is much more living than 
other portions of the book. 

A special chapter is devoted to the origin and establishment of grassland which forms 
such an important part of the South African vegetation. It is claimed that the evolution 
of the grass-like plant enabled the angiosperm flora to occupy vast areas that previously 
it could not penetrate. The impression left with the reader, however, after reading this 
chapter, is that this exceedingly perplexing question has not been advanced towards 
solution. 

The chapters on the Karroo and Deserts and on the south-west flora are much less 
happy than the earlier ones, and cannot be said to advance our knowledge of the flora to 
any appreciable extent. As regards the last, the author does not commit himself definitely 
to either of the prevailing views as to its status, though he inclines perhaps towards origin 
by mountain range migration from the north. While emphasis is laid on the penetration of 
eastern and Karroo genera and species into this flora, the reverse is not mentioned; but 
surely such a genus as Pelargonium, for example, with a few specialised Karroo species and 
a large number, often with much less highly evolved growth forms, in the south-west, 
might be regarded quite as fairly as showing a north-east migration. All through, however, 
there seems to be a tendency, perhaps inevitable, to select and weight the desirable evidence, 
and several statements are made that seem to need much in the way of proof before they 
can be accepted. As a result few will feel inclined tQ accept all the author’s statements and 
conclusions. 

Reading this book, one cannot help feeling that the interest falls off in the later parts. 
While dealing with the eastern portions of South Africa, Prof. Bews gives the impression 
of feeling fully at home, whereas his account of the more western portions, being drawn 
largely from second-hand information, is much less convincing. 

While the book deals exclusively with the flora of South Africa, there is much, especially 
in the earlier chapters, that is of general interest. The book should certainly serve to stimu- 
late interest in an intricate but very fascinating side of ecological study. 

A bibliography of works relating to the South African flora is given and the book has 
a full index. r. g, A. 
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SUMMER EXCURSION 1925 


The summer field meeting was held at Aberystwyth where 17 members and some 
visitors assembled on August 10. The Headquarters were at the Alexandra Hall of Residence 
where most of the party were accommodated. A very interesting week was spent, in spites 
of somewhat unfavourable weather, under the guidance of Prof. Stapledon and Prof. Lloyd 
Williams. 

On the first evening a meeting was held at which Prof. Stapledon gave an account of 
the work of the Welsh Plant Breeding Station and its relation to some of the ecological 
problems of the district. Much of the mountain area inland from Aberystwyth is covered 
with grasslands which are heavily grazed by sheep, and it is important to ascertain the 
effects of constant grazing on different species and varieties of grasses. The methods of 
investigation and some of the results were describ(?d. Other branches of the work of the 
station were described including the production of new races of grasses, cereals and clovers 
by hybridisation, and the study of the effects of altering the normal period of daily illu- 
mination on different plants. Prof. Lloyd Williams gave an account of some featurtss of 
interest in the vegetation of the district and of the mode of occurrence of the chief woodland 
typtis in the area. 

The first day was spent in visits to the Plant Breeding Station, where many things of 
interest were seen. Mr Tincker demonstrated some of his experiments on the effects of 
illumination (cf. Annals of Botany, 1925) and showed how considerable were the results 
of growing plants in conditions under wliich they were exposed to sunlight for a shorter 
period than that of the normal day. This treatment affected the habit of the plants, their 
time of flowering and their carbohydrate content. Experimental plots containing clover 
and cereal hybrids were visited and experiments on the grazing and cutting of grasses wen* 
demonstrated. 

On the second day the party paid a visit to Plynlimmon with the intention of studying 
the types of grassland of that district. Most of the observations made, however, related to 
the climatic conditions of the region as members had full opportunity of realising the 
exposure of these slopes to wind and the amount of rainfall which may occur on a summer’s 
day. 

The wooded valleys between the uplands and the coast were next visited under the 
guidance of Prof. Lloyd Williams. Most of these were probably covered at one time with 
Quercus sessiliflora woods, though Quercus rolmr woods are found in a few places. In several 
localities the effects of recent felling wore observed. In some places the oaks were growing 
up from the old stools, while in others the steep hillsides appeared to liave become almost 
bare of vegetation. An interesting case was pointed out where an area seemed to be in 
process of invasion by Ulex. The route taken was up a valley containing several old lead 
mines and the poisonous effects of the small traces of lead salts in the drainage water were 
very noticeable. Not only were algae and aquatic plants almost absent from the main 
river but the colonisation by plants of the recent deposits and gravels seemed to be greatly 
retarded. The beautiful oak woods at the Devil’s Bridge were found to be very interesting. 
They cover the steep sides of narrow valleys and being very moist they possess a very 
large and varied cryptogamic flora. Large tufts of Polypodiurn mlgare with many mosses 
and liverworts growing epiphytically on the trees were conspicuous features, and several 
of the less common species of British ferns were seen. 
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The last excursion was to the great Borth bog and to the salt marshes of the Dovey 
estuary. Parts of this area have been already described (Yapp and Johns in this Jouenal, 
6, 1917 and 10, 1922), but other interesting features were also seen. A brief period was 
spent on the bog, where the three British Droseras were collected. The changes in the 
vegetation due to peat digging and the subsequent succession were noted. After visiting 
the salt marshes, the party proceeded to the great shingle bank at the mouth of the estuary 
where traces of the old hooks or lateral banks were pointed out on the golf links. Near 
this point an interesting isolated pool was shown to the members and the zonation of its 
vegetation explained, it contains in one place a vigorous growth of a Chara, a plant type 
which is very rare in the neighbourhood. 

During the four days devoted to excursions many varied and interesting types of 
vegetation were seen and a considerably longer period might have been profitably devoted 
to their examination. It is hoped however that in the near future further studies on the 
vegetation of the district will be published by the members of the University of Wales 
connected with the Botanical and Agricultural depart mcaits at Aberystwyth. 

H. H. T. 


ANNUAL MEETING, MANCHESTER, 1926 

The 12th Annual Meeting was held in the Botanical Department of the University, 
Manchester, on January 9th, 1926. The President, Prof. F. E. Weiss, occupied the Chair. 

After the minutes of the previous Annual Meeting had been read and confirmed the 
President read a letter from Prof. Schroetc^r in which he expressed his great appreciation 
of the action of the Society in electing him an Honorary member. 

The Treasurer then presented the accounts for 1925 (p. 171), and pointed out that the 
favourable financial position, by far the most favourable in the history of the Society, was 
largely due to the great increase in the sales of back numbers and that the year’s expenses 
were not covered by members’ subscriptions and sales of the current volume of the Journal, 
The large receipts from the sales of back volumes really represented realisation of capital 
assets. On the proposition of Prof. Thoday seconded by Dr Wood head the accounts were 
formally adoped. 

A hearty vote of thanks was accorded to Mr Paulson for auditing the accounts and by a 
unanimous vote he was ehjcted auditor for the ensuing year. A hearty vote of thanks was 
also accorded Mr Boyd Watt for his admirable conduct of the finances of the Society. 

The Hon. Secretary then submitted his Report, which was adopted. 

Hon. Secretary’s Report for the year 1925 

During the past twelve months three meetings of the Society have been held. The 
Annual Meeting took place at University College, London on January the 10th and was 
preceded by a Soiree in the Botanical Department of which an account has already 
appeared in our Journal. 

The chief Field Meeting was held at Aberystwyth from August 10th~15th under the able 
guidance of Prof. IJoyd Williams and Prof. Stapledon to both of whom the Society is 
indebted for the admirable arrangements for the comfort of those who took part. The 
annual Foray in conjunction with the Mycological Society was held at Burnham Beeches, 
and for the conduct of this we were again indebted to Mr Ramsbottom. 

Two numbers of the Journal have been issued during the year, in February and September 
respectively, together comprising 336 pages and 14 plates. This it may be pointed out is 
a larger total than when the Journal was issued in four parts and indeed is nearly equal 
in size to the issue of last year, for which a special donation was received. It should therefore 
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HUGH BOYD WATT, 

Hon. Treasurer. 

I have examined the accoimts for the year ending 31st December, 1925, and certify them to be a correct statement and that all vouchers 
are in accordance with the receipts and payments shown therein. 
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be a matter for gratification to members that whilst the Council deem it necessary to raise 
the price to non-members in conformity with the actual cost of production, it is still possible 
to supply the Journal to members without raising the subscription and, so far as the Council 
can foresee, that necessity is not likely to arise. 

We regret to have to record the loss by death of three of our members. Miss Winifred 
Smith, who endeared herself to all those with whom she came in contact, is a loss that will 
be keenly felt by many, and particularly by her colleagues at University College, London, 
of which she was Tutor to women students. Mr Frank Morey, who, like Miss Smith, 
joined the Society at its inception, was one of that rapidly disappearing class of naturalists 
whose knowledge and sympathies embrace most branches of Field Natural History. He 
was th(i founder and mainstay of the Isle of Wight Natural History Society, to which his 
loss is an irreparable misfortune, but he has left a permanent memorial of his work in the 
Island, in his Natural History of the Isle of Wight. Mr L. W. Cole, whose untimely death 
occurred in the early part of the year, was an ecologist of some promise who collaborated 
in a study of the vegetation of English Heaths, part of the results of which have been pub- 
lished in our Journal. 

Five members have tendered their resignations but we welcome in their stead nineteen 
others who have joined since our last Annual Meeting. The membership is now 166 ordinary 
members and three Honorary members. 


Further Eise in Price op the Journal op Ecology 

The President then moved from the Chair the CounciFs recommendation that the cost 
of the Journal to non-members should be raised to 30#. Dr Watson spoke against the 
motion, which he thought would affect foreign subscriptions adversely. Dr Salisbury 
called attention to the fact that the cost of production of the Journal was in excess of the 
income derived from the sale of the current volume, and it was therefore only fair that 
non-members should contribute in money in place of the personal service contributed by 
members. The motion was then put to the meeting and was carried with one dissentient 
vote. 


Election of Officers, etc. 

The Meeting then proceeded to the election of Officers as follows: 

Pkesident: Dr Woodhead. 

Vice-President: Dr H. Hamshaw Thomas. 

Council Members: Prof. Bews, Mr Ramsbottom, Prof. Yapp. 

Hon. Editor: Mr Tansley. 

Hon. Secretary: Dr Salisbury. 

The following were elected members: 

Mrs Bacon, Miss Gertrude Connolly, Dr G. Jessop, Mr F. S. Laughton and Mr J. Rees. 
Scientific Proceedings 

Dr W. G. Smith then communicated a paper on the Improvement of Hill Pasture, in 
the course of which he drew attention to the effect of burning as an amelioration rather 
than as a permanent improvement and the comparative permanence of the burn limits. 
The distribution of Juniperus on the area in question was attributed to the freedom from 
fire of the areas where this plant is ^present. The effects of various manurial treatments 
were described. 
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Miss V. E. L. Anderson dealt with some aspects of the Water relations of the Vegetation 
of the Chalk. The natural water content of the soil of a Chalk Down had been determined 
at four successive levels at intervals of a fortnight or less throughout a period of eighteen 
months, which included one year of exceptionally high rainfall and also a period of pro- 
longed drought. The water content was found to have an average value of 36*7 % at the 
surface and 27*2 % at a depth of 2 ft. 6 ins. .The extreme values for the surface were 61*2 % 
and 8*58 % . The relations of the water content to meteorological and soil conditions were 
dealt with and the results of a study of the depth and extent of the root systems of the 
chalk flora were briefly outlined. Whilst a number of species, such as Polygala vulgaris, 
are shallow rooting the root systems of Poterium sanguisorha and other of the perennials 
may attain a depth of over 33 ins. 

Mr 0. W. Richards read a paper on Animal and Plant Habitats in which he emphasised 
the difficulty of correlating the communities of animals and plants. The plant community 
embraced a complex of animal habitats and extensive subdivision of the former was necessary 
before any clear relation between the two could be established. Owing to the “food cycle ” of 
animals the presence of a speeies depended not only on the conditions favourable for itself 
directly but on those favourable to its source of food. Animals were therefore regarded as 
occupying “niches” rather than habitats. 

Mr S. K. Mukerje gave an account of the plant communities found in the Kashmir 
Himalayas between 5()00 and 18,000 ft. Several of the communities described were similar 
to those of Britain, such as the Phragmitetum, Scirpetum, Typhetum and Fen. The 
differentiation of these aquatic communities was regarded as depending chiefly upon the 
depth and translucency of the water and upon the degree of sedimentation. The Xcrarch 
and Hydrarch successions culminate in a mesophytic community dominated by (Jedrus 
deodara. Above this latter, which attains to 8000 ft., forests of Alnes webhiana and Betula 
uiilis are followed by Juniper scrub and alpine pasture. 

Dr Wood head described the results of examinations of peat made recently in the 
Pennines which showed that the peat was already being formed in late Neolithic times. 
The Roman remains rest on a considerable deposit of peat whilst above these peat of con - 
siderable tliickness has been formed. 

The last paper was a communication of Prof. Oliver in which he described the extensive 
area at the mouth of the Havre colonised by Spartina Towusendii. The chief feature of 
interest is that the Spartina is here followed by Glyceria marilinm, the first recorded 
example of a succession initiated by the Rice grass. 

The meeting terminated with a hearty vote of thanks to Prof. Weiss and his colleagues 
for their hospitality and for arranging the exhibition the previous evening. 
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PREFACE 

The data presented in this paper were obtained by my researches in the 
Governments of Moscow (district of Bogorodsk and Dmitrov), Wladimir 
(district of Wladimir) and Ivanovo-Voznessensk (districts of Teikof, Sereda, 
Ivanovo- Voznessensk and Shouja), The total area of the Sphagnum bogs in- 
vestigated exceeded 400 sq. km. The scanty literary material concerning the 
former Government of Riazan^ (1) and that of Tver (2, 3), as well as informa- 
tion directly obtained from A. J. Bronzoff about the former Government of 
Jaroslav (now Rybinsk) points to a complete analogy between the Sphagnum 
bogs of these j^rovinces and those I visited myself. It is thus highly probable, 
that the information given in this paper is also applicable to the greater part 
of that vast region of Middle Russia which, according to P. Maievsky (4), 

^ This part of the Government of Riazan has now been joined to the Government of Moscow. 

Journ. of Ecology XIV 12 
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extends over the following Governments^: Moscow, Tver, Jaroslav, Kostroma, 
Wladimir, Nijm-Novgorod, Riazan, Kaluga, Smolensk, Orel and Penza. Only a 
few communities of northern plants (Empetrum nigrum^ Rubus chamaemorus, 
and a few others) belong exclusively to the northern part of this region and are 
not found in the south. The immense majority belong to the Sphagnum bogs 
of the whole region, except perhaps those of Orel and Smolensk. 

My investigations were made in 1917-21. The results have as yet been 
published in part only (in Russian), ( 5 ), ( 6 ), ( 7 ), ( 8 ). 

INTRODUCTION 

Riibel ( 9 ) distinguishes four branches of the study of vegetation : 

(1) Isolation of plant communities and the study of their constitution 
( Gesellschaf tsmorphologie) . 

(2) Distribution of communities in space (Chorologische Soziologie). 

(3) Ecology of communities (Ecologische Soziologie). 

(4) Succession of communities (Genetische Soziologie). 

To me it seems that no study of the ecology of communities is possible without 
a knowledge of the ecology of the species which form them, so that questions 
touching the ecology of species will here take a prominent place. 

If we exclude researches which are antiquated in method and give only 
disjointed and by no means typical lists of species, and also those which touch 
mainly on palaeontological and stratigraphical questions, there remain very 
few monographs (1, 2) which contain accounts of the origin and strati- 
graphical structure of the bogs, of the botanical and chemical composition of 
the peat, and give descriptions of the vegetation. There does not yet exist in 
Russian botanical literature any list of the principal plant communities of the 
Sphagnum bogs of Central Russia, much less anything aj)proaching a complete 
characterisation of these communities. 

I shall therefore endeavour, by synthesising the description of various 
observed plots, to define, for the first time, these communities and to enu- 
merate the species which characterise them. It is also necessary to describe 
the situations of the communities on the bog surface and the relative areas they 
occupy (Fig. 1). It was impossible in the time at my disposal to employ exact 
methods such as “ Linientaxering,” as used by the Swedish botanist Thore 
Fries for instance (see H. Osvald, 11), and I have therefore made an approxi- 
mate estimation of the relative surfaces occupied by the different communities, 
as shown in the diagram. 

The ecology of the bog species, as I understand it, has scarcely been 
studied at all, either in the region dealt with here, or in Russia generally. The 
observations of D. A. Gerassimoff ( 1 , 2 ) concern only a few bogs, i.e. they 
were made on a comparatively small area. Exact knowledge of the ecological 

^ It is unnecessary to deal with the southern and south-eastern Governments of this part of 
Russia since hardly any Sphagnum bogs occur in them. 
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P^o. 1. Diagram illustrating the arrangement of associations of a Sphagnum bog developing in the midst of spruce 
and pine forest. The central space represents the Sphagnum bog complex (see text), the arrows indicating the 
centrifugal march of the associations, which gradually encroach on the forest. The peripheral sectors represent 
the different associations of the succession from untouched forest to the Sphagnum complex. Their areas are 
roughly proportional to the areas of the different serai associations. One octant represents the succession from pine 
forest, the remaining seven from spruce forest. It can be seen that the former succession is shorter than the 
latter, which varies in length, sometimes passing through only two, but often through as many as six stages. 


12~2 
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adaptability of species can only be obtained by an examination of extensive 
material over a wide area. 

Again, while the altitudinal zonation, as shown by the microrelief, of the 
plant communities of meadowland has long been studied in Russia, and is 
now worked out very minutely (12), the same phenomenon and its relation 
to the ecology of the bog plant communities of Central Russia have scarcely 
attracted the attention of investigators, though they represent an important 
and interesting chapter of phytosociology. My application of the method of 
“ecological analysis” is also the first in Russian literature, and I am unaware 
if anything of the kind has been done in other countries. 

Likewise the succession of vegetation on the bogs of Central Russia has 
been but little studied, though Soukacheff (13), Abolin (14), and others have 
investigated the bogs of north-western Russia from this point of view. The 
subject has very little in common with botanical researches upon the composi- 
tion (nature) of peat, which usually give but a schematic picture of the way 
in which certain types of bog succeed others. 

Finally little is known of the varied effects of culture on bog vegetation. 
In this paper an attempt has been made to make good these deficiencies 
so far as was possible during a superficial survey of great areas of bogland, 
which left no time for the application of exact methods of evaluation of 
habitat factors. The vegetation is described in terms of the small communities 
called associations by the Upsala school of phytosociologists (Du Rietz, 15), 
as has already been done by H. Osvald (11) for the Sphagnum bog vegetation 
in Sweden, and the term has been used in this sense throughout the paper^. 
My descriptions refer to separate plots of the different associations, but not to 
quadrats of definite size, as used for instance by the Upsala school (15). The 
species are arranged according to the strata (Schichten) of the community, 
beginning with the uppermost. The life forms adopted are as follows : 
md Deciduimagnolignosa (deciduous trees more than 2 inetres high). 
ma Aciculimagnolignosa (needle-leaved trees). 

^ Parvolignosa (woody plants from *8 to 2 m. high). 
n Nanolignosa (undershrubs below *8 m.). 
h Herbaceous plants of non-gramineous type. 
g Grasiies and other plants, such as sedges, of gramineous type. 
h Leafy mosses and liverworts. 
s Sphagna. 

I Lichens. 

Degrees of abiyidance are designated according to Drude’s scale. Associa- 
tions are nan.e(i according to the dominants of the different strata of the 
association, and designated by the initial letters of the names of these domi- 
nants. In characterising the three fundamental types (Marsh or Fen, 

^ It should be noted that this use of the term ‘swsociation’ is quite different from that current 
in most countries, where it is applied to a much larger unit. [Ed. — Journal of Ecology.] 
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Niedermoor, Transition bog, Uehergangsmoor, and Sphagnum bog, Hochmoor) 
the vegetation itself has been considered first of all, rather than the factors of 
the habitat (chemical composition of water), or the general aspect (character of 
bog surface). 

The three principal types may be characterised as follows: 

1. Marsh or Fen (Niedermoor). Dominant and characteristic species: 
Alnus glutinosa, Betula alba^, Carex caesjniosa, C. faradoxa^ C. diandra, 
Aulacomnium palustre, Drepanodadus vernicosus, Camptothecimn nitens, Aero- 
dadium cuspidatum. Sphagna absent or rare. This type chiefly occurs in 
the river valleys and is fed by ground water rich in mineral salts. 

2. Transition boo (Uebergangsmoor). Dominant and characteristic 
species: Betula alba (more rarely Pinus silvestris), Carex lasiocarpa, Calam- 
agrostis lanceolata. Sphagna (chiefly S. recurvum (P.B.) Warnst. and S. 
subbicolor Hampe) form a more or less continuous carpet. The type occurs on 
the edges of Sphagnum bogs or develops in place of ( 1 ) along the upper courses 
of rivers. Water less rich in salts than in (1), partly ground, partly aerial 
water. 

3. Sphagnum bog sens^l stricto (Hochmoor). Dominant and character- 
istic species : Pinus silvesiris, Cassandra calyculata, Ledum palustre, Andromeda 
polifolia, Eriophorum vaginatum, Rhyncliospora alba, Scheuchzeria palustris. 
The dominant Sphagna are S, medium Limpr., S. recurvum, S. balticum Russ. 
The type is situated on watersheds and the bog water is poor in salts, being 
fed by atmospheric water. 

1. ECOLOGY OF 8PECIES AND OF ASSOCIATIONS 

If the quantities of any habitat factor (e.g. distance below the surface of 
the ground water) are represented as abscissae, and the quantities of a species 
(e.g. weight developed on a unit area) as ordinates, a curve representing the 
relation of the species to the given factor (curve of adaptability) may be drawn, 
the summit of the curve marking the optimum condition of the given factor 
for the species. If we limit the application to dominant vspecies, it is evident 
that the range of conditions in which a given species is dominant (amplitude 
of dominance) is much narrower than the range for isolated individuals 
(amplitude of occurrence). Here we are chiefly concerned with amplitude of 
dominance. 

The curve of adaptability of a species to a given factor may be modified 
{a) by the part of the species area under consideration, {b) by the particular 
complex of environmental factors, (c) by competition. 

The researches carried out by myself and S. V. Katz in 1924 on the Tatit- 
schevskoe marsh (Dmitrov district, Gov. of Moscow) show that Menyanthes 
trifoliata is dominant with a ground water depth of 10 to 70 cm., Carex rostrata 

^ The name Betula alha is used throughout in the aggregate sense. The common form, every- 
where dominant in the bog birch forests, is B. pahescena; B, verrucosa is occasional only. 
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15-35 cm., 6\ limosa 10-20 cm., Aulacomnium palustre 35-60 cm., Campto- 
thedum niiens 18-32 cm., Drepanocladus vernicosus 10-20 cm. This makes it 
clear that Menyanthus can form communities with all three species of moss 
mentioned, Carex rostrata only with the two latter, and C. limosa only with 
the last, and this is confirmed by study of the communities in nature. Fig. 2 
illustrates this. On the horizontal base line are marked the depths of the 
ground water below the surface, the other horizontal lines (whose varying 
heights represent the strata of the species) showing the amplitudes in respect 
of this factor of the six species mentioned. The vertical lines mark the limits 
of the amplitudes of adaptation of the “associations.” 



Fia. 2. Diagram showing amplitudes of dominance of certain species and associations with 
resj>ect to depths of ground water. The top line shows the associations. 


Thus the quantitative study of the ecology of species explains, in a general 
way, why a given species combines in an association with a second species 
and not with a third, and shows that the ecology of an association, the ampli- 
tude of its adaptability, depends in the first place on the ecology of the species 
constituting it (at least so far as bog associations are concerned). Finally, the 
amplitude of adaptability of species explains in great measure their capacity 
for participating in a greater or smaller number of associations. 

An ecologist possessing enough quantitative data could foretell, with 
sufficient probability, the possible combinations of species in associations, and 
the main lines of their composition and ecology^. The establishment of quan- 
titative ecological characterisations is work of the future, but even com- 

^ There is good ground for believing that the mutual action of plants upon one another has 
but a secondary importance in the constitution of bog plant associations. The habitat factors, 
which group into associations species with a definite amplitude of adaptability, are decisive. 
1 possess a certain number of data supporting this belief. 
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parative qualitative characterisations are of value to the phytosociologist. An 
example will illustrate this. On the Tatischevo marsh Carex limosa is 
dominant in water of 20 (German) degrees of hardness, and rich in iron. On 
the Sphagnum bogs C. limosa is dominant in hollows where the water contains 
a minimum of CaO and iron. Thus the amplitude of this species in respect of 
these factors is very wide. But in respect of moisture it is very narrow, for 
C. limosa is dominant only when the depth of the ground water is between 
10 and 20 cm. It is thus evident that this species can form an association 
equally well with Sphagnum balticum Russ, in a Sphagnum bog, and with 
Dre/panocladus vernicosus in a marsh. Both soils have high water content but 
the soluble salt content is widely different. A ground water depth of 20 cm. 
marks the extreme limit for the growth of trees, so that it is easy to under- 
stand why Carex limosa is not met with in forest bogs. 

The study of the ecology of species on these lines also gives us a means of 
establishing ecological series of associations through the use of plant indicators. 
This method, which I call ecological analysis of associations, was first used by 
myself in conjunction with S. V. Katz on the Tatischevo marsh in 1924 in the 
analysis of experimental quadrats of definite size. Here it is used for the 
analysis of separate plots differing in size. I am unaware whether the method 
has been employed elsewhere in Russia or abroad. Indicators are for the most 
part species with a narrow amplitude of adaptability to a given environmental 
factor. For ‘'moisture series” it is convenient to employ as indicators, on the 
one hand, species which inhabit mineral soil, and, on the other, species for 
which excess of moisture gives optimum conditions. The number of indicators 
of each group on each plot of the association is counted, and the mean number 
of indicators for each plot is calculated. If the number of plots be sufficient 
their difference of size has no effect on the final result. The closer the ecological 
relationship between the associations studied, the more difficult it becomes 
to choose the indicators, the more sensitive they must be, and the fewer they 
will be in number. 

2. SPHAGNUM BOG (HOCHMOOR) 

A. Associations. 

In Central Russia Sphagnum bogs occupy an enormous area comprising 
thousands of square kilometres and exceeding that of the Marshes and Transi- 
tion bogs taken together. In consequence of the small number of species 
dominant in the Sphagnum bogs, the number of associations is also very 
limited. Association-complexes^ have a wide extension, and their vegetation 
consists of small plots of different composition, a few metres square, and 
alternating with one another, which represent associations or association- 
fragments^. The distribution of these is connected with the microrelief of the 
bog, which is very disjointed. There are high tussocks which may be more 

^ Upsala terminology. [Ed. — J ournal of Ecology.] 
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than 5 m. in diameter, or the elevations may take the form of low ridges 
running parallel in a certain direction and anastomosing. The width of these 
ridges does not exceed 2 m., but their length is often great. The higher tussocks 
and ridges may be 70 cm. above the bog surface, and between are wet hollows. 
Sometimes the tussocks or ridges have the appearance of islands in a flat 
swampy bog, sometimes they are so close together that the wet depressions 
between are like narrow valleys. 

The summits of the highest tussocks and ridges are covered by the associa- 
tion Pinus silvestris- Ledum palustre-Cassandracalyculata-S'p]is^,gna>cea>e, the sides 
by Pinus silvestris-Eriophorum vo^matwm-Sphagnaceae. The hollows are 
often filled by a mixed association, where Carex limosa, Rhynchospora alba and 
Scheuchzeria palustris are dominant. Sometimes the vegetation of the hollow 
is zoned, the outer zone consisting of C.Z.-Sph., the inner of /ScA.j).-Sph. 
Occasionally another association, Rhynchospora a?6a-Sph., occurs between 
P.6‘.-£'.^j.-Sph. and C.Z.-Sph., occupying the peripheral parts of the hollows. 

The association-complexes described establish themselves in the centres 
of the Sphagnum bogs, occupying not less than half the whole area of the 
Sphagnum and Transition bogs. No detailed description of them exists in 
Russian literature except in my own papers ( 5 , 6 ). On the periphery of these 
association-complexes a uniform vegetation occupies a considerable space. 
Here we have the associations P.s.-i.y.-C.c.-Sph. and P.-s.-P.^y.-Sph., more 
rarely C.i.-Sph. 

The following are lists of the species of the associations above mentioned. 

The abundance indications follow Drude: soc. social, cop. copious, spar. 
sparse, sol. solitary. The numbers represent percentages of all the plots in 
which the species occur with the designated abundance. 


1. Association Pinus silvestris-Ledum palustre-Cassandra calyculata- 
Sphagnaceae. (Compound list from sixteen separate plots.) 


rna. Pinus silvestris cop. 25; spar. 75 
Picea excelsa sol. 7 
rnd. Betula alba sol. 25 
n. Ledum palustre cop. 31; spar. 62*5; 
sol. 6*5 

Cassandra calyculata cop. 31 ; spar. 67; 
sol. 12 

Andromeda polifolia sol. 69 
Vaccinium uliginosum cop. 6*2; sol. 
31-3 

V. vitisddaea sol. 37*5 
V. myrtillus sol. 12*5 
Rubus chamaeraorus spar. 6-2; sol. 6*3 
Vaccinium oxycoccus sol. 81*2 
V. microcarpum sol. 12-5 
h. Drosera rotundifolia sol. 37*6 


Melampyrum pratense sol. 6-3 
g. Eriophorum vaginatum spar. 44; sol. 
44 

Rhynchospora alba sol. 12*5 
Scheuchzeria palustris sol. 6 
b. Hypnum schreberi sol. 26 
Poly trichum strictum sol. 25 
Dicranum bonjcani sol. 12*5 
Aulacom Ilium palustre sol. 6 
8. Sphagnum medium soc. 19; cop. 75; 
spar. 6 

S. recurvura (P.B.) Warnst. soc. 19; 

cop. 69; spar. 12 
S. fuscum sol. 12 
S. acutifolium sol. 6 
1. Cladonia rangiferina sol. 6 
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2. Association Pinus silvestru-Eriophorum vaginatum-S’ph.s,gna,cesie, 
(Compound list from eighteen separate plots.) 


ma. Pinus silvestris cop. 17 ; spar. 28; sol. 33 
md. Betula alba sol. 17 
n, Cassandra calyculata spar. 11 ; sol, 83*6 
Aftidromeda polifolia sol. 78 
Ledum palustre sol. 44-5 
Vaccinium vitis-idaea sol. 17 
V. uliginosum sol. 5-5 
V. myrtillus sol. 5*5 
V. oxycoccus sol. 89 
?i. Drosera rotundifolia sol. 50 
D. obovata sol. 5-5 
Orchis maculata sol. 5*5 
Melamp 3 rrum pratense sol. 5-5 
g, Eriophorum vaginatum soc. 11; cop. 

64; spar. 25 


Scheuohzeria palustris spar. 5*5; sol. 11 
Carcx liinosa sol. 11 
C. pauciflora sol. 11 
C. rostrata sol. 5-5 
C. lasiocarpa sol. 5*5 
Rhynchospora alba sol. 5-5 
6. Polytrichum strictum sol. 28 
Hypnum schreberi sol. 22 
8. Sphagnum recurvum (P.B.) Warnst. 
soc. 28; cop. 50; spar. 16*5; sol. 5*5 
S. medium Limpr. soc. 22; cop. 22-5; 

spar. 22-5; sol. 27-5 
S. fuscum cop. 5; sol, 11 
S. acutifolium sol. 17 


These two associations (1 and 2) occupy two-thirds of the total surface of 
the Sphagnum bogs: each forms little plots of a few square metres in the 
complexes: in bogs with uniform vegetation each occupies large areas of 
hundreds or thousands of square metres. 


3. Association Carex ?imo6'a-Sphagnaceae. (Compound list from eleven 

separate plots.) 


ma. Pinus silvestris sol. 9 
Picea excelsa sol. 9 
md. Betula alba sol. 9 
n, Cassandra calyculata sol. 91 
Andromeda polifolia sol. 91 
Vaccinium oxycoccus sol. 54*5 
Salix myrtilloides sol. 9 
h. Drosera aiiglica sol. 9 

Naumburgia thyrsiflora sol. 9 
Orchis maculata sol. 9 
Menyanthes trifoliata sol. 9 


g. Carex limosa cop. 45*5; spar. 54*5 

Scheuchzeria palustris spar. 41; sol. 50 
Eriophorum vaginatum sol. 54*5 
Rhynchospora alba sol. 45*5 
Carex rostrata sol. 27 
C. lasiocarpa sol. 9 
6. Hypnum fluitaiis sol. 9 

Polytrichum strictum sol. 9 
s. Sphagnum balticum soc. 100 

S. recurvum (P.B.) Warnst. sol. 18 
S. medium sol. 18 


This association (3) occupies much less space than the two preceding ones. 


4. Association Scheuchzeria paii/s^m-Sphagnaceae. (Compound list from 
seven separate plots.) 


ma. Pinus silvestris sol. 28-5 
md. Betula alba sol. 14 
n. Cassandra calyculata sol. 71 
Andromeda polifolia sol. 57 
Vaccinium oxycoccus sol. 57 
h. Drosera rotundifolia sol. 14 
D. anglica sol. 14 
D. obovata sol. 14 

g. Scheuchzeria palustris cop. 50; spar. 50 
Eriophorum vaginatum sol. 57 


Carex limosa cop. 7; spar. 14-5; sol. 
64-5 

Rhynchospora alba cop. 7; spar. 21; 
sol. 29 

Carex rostrata sol. 28*5 
C. lasiocarpa sol. 14*5 
.S-. Sphagnum balticum soc. 100 

S. recurvum (P.B.) Warnst. sol. 18 
S. medium sol. 14 
S. dusenii spar. 14 


This association (4) far from occurring everywhere only exists in little plots. 
It also often forms quagmires (Schwingrasen) on peaty lakes surrounded by 
Sphagnum bog. On the whole the area it occupies is small. 
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The association (5) Rhynchospora aZfta-Sphagnaceae occurs in little plots 
in the hollows of the complexes. It also forms but a small share of the bog 
surface. 


B. Ecology of the Species (cf. Fig. 4). 

Pinus silvestris is the least exacting tree as regards the content of the 
soil in mineral salts. It is dominant alike on dry sands and on the moist peat 
of the Sphagnum bogs, substrata alike poor in mineral salts. Betula alba 
grows chiefly in the Transition bogs which are richer in mineral elements. 
Uround water at a level of 15 to 20 cm. below the surface is the limit for the 
presence of Pinus, and it only forms an association when the ground water 
level is lower (30 to 40 cm.). This explains the dominance of Pinus only in 
the drier associations, P.s.-Z.p.-C.c.-S. and P.s,-E,v.-^, It is rare in the 
wetter associations such as etc. Ledum palustre resembles the pine in 

its relation to moisture, while Cassandra calyculata and Andromeda polifolia 
are more hydrophilous. 

The height, growth and closeness of stand (see lists in the last section) of 
the pine diminish with increase of moisture. Thus in P.s.-L.p,-C.c.-S. the 
average height is 5*9 m. (18 plots), in P.s.-P.-y.-S. it is 4-2 m. (IG plots). In 
the associations of the hollows the pine does not attain the size of a tree. 

Ledum palustre occurs exclusively on the peat poor in salts of the Sphag- 
num bogs. Like the pine its optimum moisture is found in the driest associa- 
tion, where it is dominant in the undershrub layer, together with Cassandra 
calyculata. In conditions of greater moisture (P.s.-E.v.~^.) it occurs only as 
isolated individuals, and in the wet hollows it disappears entirely. This species 
is a constant companion of the pine and grows well under its shade. 

Cassandra calyculata. Similar to the last in relation to salts. Optimum 
moisture also like the last, but constantly met with, though not dominant, in the 
moist associations of the hollows. Like the last it can bear moderate shading. 

Andromeda polifolia^ like the two last-named species, is characteristic of 
Sphagnum bog, though rarely dominant. Its optimum moisture tends to be 
greater than that of Cassandra. 

The moisture relations of the three last-named species are graphically 
represented in Fig. 3. Owing to lack of data as to ground water level the four 
associations are used to indicate the degree of moisture. They show increase 
of moisture on the horizontal axis, from left to right, and the percentage of 
frequency for the three species in the different associabions is given on the 
vertical axis. 

Eriophorum vaginatum is also a typical species of the Sphagnum bog, 
though it may be dominant on peat richer in mineral salts where the three 
species just described are never dominant. It occurs on Transition bogs which 
have long been drained, and in clearings of birch forest grown on dry bogs, 
side by side with plants typical of a mineral soil. It also flourishes on burned 
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peat. On undrained bog its optimum moisture is greater than that of Cas- 
sandra, but its moisture curve extends further in both directions than those 
of the three undershrubs, so that it is dominant both in the water-saturated 
quagmires of turbaries and also on well-drained peat. This considerable ampli- 
tude of adaptability as regards both salts and water explains its participation 
in so many associations. The abundance of winged seeds it produces accounts 
for its role of pioneer on peat destitute of vegetation, whether inundated 
turbaries or burned peat areas. 


lOO 
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PuiLLS si/iesfris 
j^u/n pa£is1rB 

Cusa/idra ca^x:;. 


'flnus sC/tfcsfris CarcK. /jnaja 

£/*co^2onu/n. ua^tn . ; Jp^ia^rxcicea^ 
Jpnaanacjeac 


sJc/2CU£A.Tercayc>a/^ 


Fio. 3. Graph showing tlic percentage frequencies of Ca.^sandra calyculala, Andromeda 
poUfolia and Ledum palmtre. in four associations of the Sphagnum i)og. 


Scheuchzeria palustris is another typical plant of Sphagnum bog and is 
confined to the wettest association (AS'c//.jt^.-Sph.), where the ground water is 
only a few cm. below the surface. 

Rhynchospora alba is again a typical Sphagnum bog species with 
optimum moisture in Rh. a.-Sph., the moisture curve descending abruptly in the 
direction of the drier associations. 

Carex limosa is the third species of the wet bog hollows. Its optimum 
moisture lies between those of the two previous species and as with them the 
moisture curve descends abruptly. 

Sphagnum medium Limpr. is dominant only in Sphagnum bogs; in 
Transition bogs it occurs only as isolated individuals. It is the least hydro- 
philous of the Sphagna dominant in Sphagnum bog, inhabiting the summits of 
the tussocks. Its optimum moisture lies in the association P..9.-X.j^.-(7.c.-S., 
where it can accommodate itself to moderate shade. 

Sphagnum recurvum (P.B.) Warnst. is dominant equally in Sphagnum 
and Transition bogs. In the Sphagnum bogs var. parviihun Warnst., to- 
gether with S. amhi'phylhmi Russ. var. 'parvifolium Sendt, are chiefly found. 
I believe they are only xerophytic small-leaved ecological forms of S, recurvum, 
which grow in compact masses on the tops of the tussocks with S, medium 
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in the P.^.-C'.c.-L.y.-Sph. association and predominate in the wetter associa- 
tion P.^.-JS'jA-Sph. on the sides of the tussocks. This is a species of great 
adaptability as regards quantity of mineral salts and therefore enters many 
associations. It can bear more shade than S, medium. 

Sphagnum balticum Russ, is more hydrophilous than the foregoing and is 
dominant only in the three wet associations of the hollows, its moisture curve 
resembling that of the three phanerogamic dominants of these associations. 
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Fig. 4. Amplitudes of adaptability to concentration of mineral salts of species characteristic of 
Marsh, Transition bog and Sphagnum bog. The percentage figures under these three heads 
represent, very roughly, the average percentages of ash according to Oerassimoff (2), in the 
peat of the three types. Accurate data on the concentration of salts in the waters are lacking. 

Sphagnum Dusenii C. Jensen and 5 . cuspidatum Ehrh. are the most 
hydrophilous of the Sphagnum bog Sphagna. Sometimes they occur in the 
wettest hollows of the Sch.p.-Sph. association with water above the surface. 

Hypnum fluitans (Dill) L. This is the species of Drepanodadus most 
adapted to water very poor in mineral salts, and is the sole representative of 
the genus met with in great quantity in the Sphagnum bogs of Central Russia. 
Like most of the species of Drepanodadus it has floating forms which inhabit 
the water of inundated turbaries (see below). The terrestrial forms are very 
common in drying hollows of the Sphagnum bogs. 

C. Ecology of the Associations. 

Until recently the importance of moisture as a factor in the distribution 
of the associations of the Sphagnum bog has been insufficiently recognised, 
though lately, it is true, classifications of bogs according to moisture have 
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appeared (16). The very great difference between the conditions of life on the 
summits of the tussocks and in the hollows close by (an altitudinal difference 
of about 70 cm.) corresponds with vegetation of quite different species and 
must be regarded as mainly due to the difference of moisture ( 5 , 6 ). The alti- 
tudinal zonation from the summits of the tussocks to the bottom of the 
hollows is represented by the series : 

P.6^-i.p.-6^c.-Sph.— P.5.-7^.u.-Sph.— M.a.-Sph.-~O.Z.-Sph.— &A.;p.-Sph. 
summits of tussocks slopes sides of hollows centres of 

hollows 

This zonation based on moisture may be compared with the series obtained 
by the use of indicators according to the method of “ecological analysis’’ 
described on p. 183. Two groups of indicators are chosen : (1) species whose 
optimum conditions correspond with the lowest ground water level, and (2) 
species whose optimum conditions correspond with the greatest excess of 
moisture. To (1) belong Pinas silvesiris, Betula alba, Picea excelsa, Vacctnium 
myrtillus, V. vitis-idaea, Ledum palustre, Vaccinium uUginosum, and certain 
herbaceous species; to (2) Scheuchzeria palusiris, Rhynchospora alba, Carex 
livnosa. The average numbers of indicators of the two groups growing in a 
plot of the four principal associations work out as follows : 

Indicators 



(J) 

(2) 

-L. j?. - O . c . -Sph. 

3-25 

•19 

P.A’.-/i/./7.-Sph. 

1-78 

•33 

a/.-8ph. 

•3() 

2-36 

*S’cA.p.-8ph. 

•45 

2-43 


The indicators of group (1) thus steadily decrease, and those of group (2) 
increase, in passing from the drier to the wetter associations, corresponding 
completely with the altitudinal zonation series. 

D. Succession op Associations. 

Published data ( 13 , 14 ) on succession in Sphagnum bogs refer only to 
north-west Russia. Hitherto those of Central Russia have not been studied 
in respect of succession. 

Formation of associations on the periphery of the boys. The centre of a bog 
is occupied by an association complex (see p. 183) surrounded by a belt of 
homogeneous vegetation in w’^hich the associations P.^'.-Z.p.-C'.c.-Sph. and 
P.s.-P.i\-Sph. predominate. These succeed Betula alba-Carex lasiocarpa- 
Sphagnaceae, and Pinus silvestris-Carex Za.noca/'joci-Sphagnaceae, which are 
contiguous to them on the edge of the bog (see Fig. 1). The cause of the suc- 
cession is the overgrowth of the edge of the bog on to the surrounding soil and 
the consequent giving way of more exacting plants before the advance of less 
exacting ones. Thus if on the Transition bog Betula alba is dominant it will 
give way before the less exacting Pinus silvestris, while if the latter is dominant 
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it will remain but will be diminished in size and in denseness of stand. Thus 
in P.6^.’6\/.-Sph. the mean height of the pines is 6*8 m. : in the Sphagnum 
bog association P.^.-i.jj.-C.c.-Sph., 5*9 m., and in P..s*.“iE'.'y.-Sph., 4*6 m. 
Carex lasiocarpa, the dominant herbaceous plant of the Transition bog, is 
replaced by Eriophorum vaginakm and the undershrubs of the Sphagnum bog, 
while Sphagnum recurvum and S, subbicolor partly give way to the less exacting 
S. medium. The microrelief becomes more diversified, probably chiefly because 
Sphagnum medium grows more vigorously than S. recurmvm, so that the former 
species forms tussocks round the tree trunks which increase in height above 
the level of the intervening spaces dominated by the more slowly growing 
S. recurvum. Another cause may co-operate in increasing the differences of 
level. In years of drought the peat betimen the tussocks shrinks the most 
because it is fuller of water and less dense, while the denser peat of the 
tussocks shrinks less because it contains less water and is also consolidated 
below by the tree roots. 

A first indication of the age of an association is its position in relation to 
the centre of the bog — the nearer to the centre the later the stage of succession. 
Plant indicators may also be used for the analysis of succession. The in- 
dicators chosen should be (1) plants of mineral soils, but occurring also in 
Sphagnum and Transition bogs {Pinus silvestris, Pieea excelsa, Betula alba, 
Vaceinium myrtillus, V. vitis-idaea, etc.) and (2) typical Sphagnum bog species 
{Ledum, palustre, Cassandra calyculaia, Andromeda polifolia, Eriophorum 
vaginatum, Drosera rotundifolia, D. anglica, D. obovata, Scheuchzeria palustris, 
Rhynchospora alba). The application of the method is the same as in the 
ecological analysis described in Section C. The results were as follows : 


Associations of Transition bog j ^ 

Associations of Sphagnum bog ^ ^ 

Thus the two associations of the Sphagnum bog differ from the two of 
the Transition bog by the smaller number of mineral soil indicators and the 
larger number of Sphagnum bog indicators. Consequently on a bog in course 
of formation indicators of the first group decrease and those of the second 
increase. If the two genetically equivalent associations of the two types are 
compared this difference does not appear. In each type one of the associations 
surpasses the other in the number of indicators of bolh groups. This is because 
there is a greater number of species, owing to the greater dryness, in a plot 
of P.s.-C.l.-Sph. and in a plot of P.s.-L.p.-C.c.-Sph. respectively than in a 
corresponding plot of the other association. These data confirm the results as 
to relationship of the associations obtained by a study of their situation. 


Average numbers of indicators 
per plot 


Mineral soil Sphagnum bog 
indicators indicators 

2 - 4 1-59 

3 - 2 2*8 

1-88 4-38 

1-28 4 * 0 .') 
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The Carex iimo6*a-Sph. association is most often developed from the Transi- 
tion bog association Carex rostraia-^^h.. Carex rostrata is replaced by the less 
exacting C\ lirnosa, and Sph. recurvutn yields most of its place to Sph. halticum. 
The whole process takes place in the presence of more moisture than the one 
described above. The indicator numbers are as follows : 

Mineral soil xSphagnum bog 
indicators indicators 

Carex rostrataSi^h. 2*40 1-60 

0. liinosa-^i^h.. 0*36 3-91 

Here again we have the first group of indicators diminishing, the second 
increasing, confirming the conclusion, derived from its more peripheral posi- 
tion, that the first association is an earlier stage of succession. 

Formation of Association-Complexes. 

The complexes of Sphagnum bog associations are situated in the central, 
oldest parts of the large peat bogs (see Fig. 1, p. 179). They occupy no less 
than half the whole area of the Sphagnum and Transition bogs taken together, 
and their wide extent demonstrates their durability. Their position, together 
with the thickness of the peat beneath them, show that they form the final 
phase of development of the Sphagnum bog vegetation. 

The complexes develop from different associations of the peripheral zone, 
such as P.s.-L.p.-C.c.-Sph. and P..9.-£'.t>.-Sph. As soon as Sphagnum medium 
appears on a Transition bog tussocks begin to form and, owing to the rapid 
growth of this species, attain a considerable size. In the hollows between the 
tussocks atmospheric water, running down the sides, begins to accumulate, 
first of all killing the trees in these hollows owing to excess of moisture. Next 
the undershrubs perish, and the more hydrophilous Sphagmmi halticum re- 
places S. recurvum. Lastly there ap})ear in the hollows the hydrophilous 
species Carex limosa, Rhynchospora alba, and Scheuchzeria palustris. 

The development of a complex from the association Carex limosa-Sph. 
occurs as follows. In this association there are always small tussocks because 
Sphagnum grows very energetically round tufts of Eriophorum, undershrubs, 
etc. When the more xerophilous Sphagnum fnedium appears on these tussocks 
they grow more rapidly and are finally colonised by Pinus silvestris and under- 
shrubs, thus forming a complex with the association of the hollows. 

Changes of Association-Coniplexes. 

The associations of a complex are not stable but undergo changes which 
may bring back an earlier phase of development. These changes have been 
described in north-west Russia by Soukacheff ( 13 ) and certain other investi- 
gators, in Sweden by Osvald ( 11 ) in great detail. In Central Russia the 
process is different to that which obtains in more northern latitudes. 

The Sphagnum carpet of the hollows of undrained peat bogs very often 
begins to die off over areas of thousands of square metres. This is caused by 
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periods of hot summer drought, which only affect the Sphagna of the hollows, 
such as S. balticum, whose stems then lie horizontally on the peat surface, 
becoming covered with a crust of algae. The species of the tussocks {S. medium 
and S, recurvum) do not suffer from drought though they live in a drier place. 
Their dense growth enables them to absorb and retain a greater quantity of 
moisture than the loose growth of S, balticum, with its long stems and distant 
whorls of branches. The whorls of close-set branchlets and the minute leaves 
of S. recurvum form a good water-holding structure, while S. medium has a 
well developed system of pore-bearing hyaline cells. Certainly in Central 
Russia these tussock Sphagna do not die off owing to drought, nor are they 
replaced by liverworts and lichens as in more northern latitudes. 

In hollows thus deprived of their Sphagnum covering Hypium fluitans 
(Dill) L., appears as a pioneer, often producing fruit. Sometimes Rhyncho- 
spora alba appears on the bare peat (“naked Rhynchospora alba moor” of 
Osvald, 11). The drying up of the hollows favours this species at the expense 
of its more hydrophilous competitors, Car ex limosa and Scheuchzeria palustris. 

If the hollows remain dry, all these associations give place to Eriophorum 
vaginatum on naked peat, which may establish itself at once without the 
intervention of the pioneers. Tussocks of this species arise from seed coming 
from the neighbouring hillocks into the hollows, and growing rapidly fill up 
the hollows with new hillocks. These new tussocks or hillocks become colonised 
by Sphagnum medium, and with the old ones flatten out the microrelief into 
an approximately level surface {Eriophorum vaginatum-^p\\. association). In 
time differentiation of the microrelief begins afresh and the gradual develop- 
ment of a new complex ensues. If the drying of the hollows is only temporary, 
Eriophorum vagmaium does not establish itself and Car ex limosa-^ph. associa- 
tion re-develops. 


3. TRANSITION BOG (UEBERGANGSMOOR) 
A. Associations. 


1. Association Betula alba-Molinia cacmfea-Sphagnaceae. 


md. Betula alba cop. 
ma. Pinus silvestris sol. 

Picea excelsa sol. 
p. Rhamnus frangiila sol. 
n, Vaccinium vitis-idaea sol. 

V. myrtillus sol. 
h. Menyanthes trifoliata sol. 
Calla palustris sol. 
Trientalis europaea sol. 


Equisetum silvatioum sol. 

g. Molinia caorulea cop. 
Calamagrostis lanceolata sol. 
Carex vesicaria sol. 

h. Polytrichum commune sol. 
Hypnum Schreberi sol. 

5. Sphagnum recurvum Warnst. cop. 
S. Girgensohnii sol. 

S. subbicolor sol. 


This association is found in little plots, rarely more than 10 m. square, on 
the very limit of the Transition bog and the forest on mineral soil. On the 
whole this association covers an insignificant part of the surface belonging to 
the Transition bog. Frequently it forms also a narrow ring round the peat 
lakes, surrounded by Sphagnum bogs. 



N. J. Katz 


193 


2. Association Betula alha-Carex '?;mcana-Sphagnaceae. 


md. Betula alba cop. 

Calla paliistris sol. 

ma. Pinus silvestris sol. 

Lysimachia vulgaris sol. 

Picea excelsa sol. 

Equisetum silvaticum sol. 

p. Rhamnus frangula sol. 

q. Carex vesicaria cop. 

h. Menyanthes trifoliata sol. 

Calamagrostis lanceolata sol. 

Comarum palustre sol. 

Carex lasiocarpa sol. 

Pcuccdanum palustre sol. 

s. \Sphagnum r(‘curvum Warnst. soc. 

Naumburgia thyrsiflora. sol. 

Like the preceding association, this is met with in little plots on the extreme 


limit of the Transition bog with mineral soil. The surface it occupies is very 
small. 

3. Association Bekila dlha-Calla paZ?/.9^m-Sphagnaccae. 

md. Botiila alba spar. /^. (Jalla j)alustris soo. 

ina. Piruis silvestris sol. Monyanthos trifoliata sol. 

Picea excelaa sol. .s*. Sphagnum reeiirvum Warnst. spar. 

n. (Cassandra oalyculata sol. 

This association occurs in plots of larger size than the preceding ones, not 
seldom attaining 100 square m. It also establishes itself in the peripheral belt 
of the Transition bog, not far from the mineral soil. On the whole it likewise 
takes up small spaces on the Transition bogs. 


4. Association Befula alha-Menyanihes /n/o??‘a/a-Sphagnaceae, 


md. Botula alba spar. 


Equinotum holeocharis vsol. 
(bilium paluwtro sol. 

(Maltha, paliistris sol. 


ma. Picea oxcolsa sol. 
n. Salix ropcns sol. 

S. Japponum sol. 

BedAila htiniilis sol. 
Vacciniiim oxyooccus sol. 
Cassandra calyculaOi sol. 
Andromeda polifolia sol. 
h. Mt'nyanthos trifoliala cop. 
Naumburgia thyrsiflora sol. 
Peiic('danum })alustr(^ sol. 

( V’)marum palustre sol. 


Carex lasiocarpa sol. 
Calamagrostis lanc(‘olata sol. 
Molinia ca(n'ulea sol. 

C-arex stricta sol. 

(\ vesicaria sol. 

C. rosfrata sol. 
h. IIv})num schrt'beri sol. 

Hylocomium splendens sol. 
s. Sphagnum recurvum coj). 


This association is found in plots of a considerable size, sometimes of 
several hundreds of square metres, and is of greater importance for the general 
aspect of the Transition bogs than any of the three preceding ones. But all 
four together occupy a very insignificant area compared with the two which 
follow. 


5. Association Betula alha-CalamagrosUs ta/iccotoa-Sphagnaceae. 


(Compound list from 

md>. Betula alba soc. 14; cop. 71*5; spar. 
14-5 

Populus tremula sol. 14 
ma. Pinus silvestris sol. 57 
Picea excelsa sol. 57 
Salix aUrita spar. 14; sol. 57 
Rhamnus frangula sol. 28-5 
Viburnum opulus sol. 14 
Salix cinerea sol. 14 

Joum. of Ecology XIV 


seven separate plots.) 

Rubus idacuB sol. 14 
n. Cassandra calyculata sol. 14 
Vaccinium oxycoccus sol. 14 
V. myrtillus sol. 43 
V. vitis-idaea sol. 28-5 
h. Comarum palustre spar. 14-3; cop 
14-3; sol. 57 

Naumburgia thyrsiflora sol. 71-5 
Menyanthes trifoliata sol. 57 


13 
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Peucedanum palustro sol. 43 
Galium palustre sol. 43 
Ranunculus lingua sol. 28*5 
Equisetum silvaticum sol. 28*.5 
M(^lampyrum nemorosum sol. 28-5 
Trientalis europaca sol. 28-5 
Epilobium august ifolium sol. 14 
Pirola rotundifolia sol. 14 
Potentilla silvostris sol. 14 
Epilobium palustrii sol. 14 

g. (^alamagrostis lanceolata cop. 80; spar. 
14 

dai t'X lasiocarpa cop. 14; spar. 14; sol. 
29 

Phragmites communis spar. 43; sol. 14 
('anix c.anesccns sol. 43 


Agrostis canina spar. 14; sol. 16 
Deschampsia caespitosa sol. 29 
Carex vulgaris sol. 29 
Juncus effusus sol. 14 
Molinia cacrulca sol. 14 
Cfirex vcsicaria sol. 14 
C. rostrata sol. 14 

h. Polytrichum commune sol. 28*6 
Hypniim schreberi sol. 28-5 
Dicranum undulatum sol. 14 
Aulacomnium palustre sol. 14 
Clima(;ium dcndroides sol. 14 
Hylocomium spltuidfuis sol. 14 
A’. 8j)hagnum rccurvum soc. 43 ; spar. 28-5 ; 
sol. 28-5 

S. sqiiarrosum sol. 28*5 


This association occurs in plots of greater extension than any of the pre- 
ceding and on the whole takes up large areas. It exists almost invariably on 
Sphagnum })eat bogs with active peripheral growth and surrounded by forest. 
Here it forms a band of a few metres in width on the limit of the mineral soil. 


G. Association Betida alba-Carex /rmomr/)a-Sphagnaceae. 
(Compound list from seventeen plots.) 


md. Be tula alba cop. (>; spar. 30; sol. 36 
Poj)ulus tromiila sol. 12 
ma. Pinus silvestris sol. 63 
Pic(m cxc(4sa sol. 18 
p, Salix aurita spar. 0; sol. 36 
S. repens sol. 36 
S. lapponum sol. 36 
S. myrtilloidcs sol. 23-6 
S. ciiierea sol. 12 
Rharnnus frangula sol. 1 2 
Salix pentandra sol. (> 

/?. ( Cassandra calyculata sol. 82-6 

Vaccinium oxycoccus s})a,r. 0; sol. 70-6 
Andromeda polifolia sol. 36 
Ledum palustre sol. 12 
Vaccinium vitis-idaea sol. 12 
V. myrtillus sol. 12 

h. Comarurn palustre spar. 18; sol. 63 
M(aiyantlu*s trifoliala spar, (i; sol. 06 
Naumburgia thyrsillora sol. 53 
Peuc(^danum palustre sol. 47 
Kquisetum heleocharis spar. 62; sol. 36 
E])ilol)ium angustifolium sol. 18 
E. palustre sol. 12 
Galium palustre sol. 30 
Orchis maculata sol. 12 
Drosera rotundifolia sol. 12 


(Vdla paluslris sol. 0 
»Scutellaj*ia galt'riculata sol. (> 

Viola epipsila sol. 0 

i..ysima.(4)ia vidgaris sol. 0 

g. ( Jar(‘x lasioearj)a soc. 30; cop. 63; spar. 

11 

( Vilanjagrostis larua'olata cop. 0; si)ar. 
12; sol. 41 

("ar(‘x rostrata- sol. 41 
(\ limosa sol. 41 
(I (‘hordori’hi/,a sol. 23-6 
(4. canescu'iis sol. 18 
Eiioy>liorum vagijiatum sol. 18 
E. angustiff)lium sol. 0 
Molinia c.a('rul(‘a sol. 0. 

Deschampsia (^a(‘sj)itosa sol. 0 
(-a-rex V(‘sicai’ia sol. 0 
Agi-ostis canina sol. 0 
idiragmitcs communis sol. 0 

h. T^)lytri(4ium comminu' sol. 47 
Hypnum schndxai sol. 18 
Dicranum bonjeani sol. 0 

A. Sphagnum recurvum Warnst. soc. 70; 
cop. 0; spar. 12; sol. 0 
S. medium sol. 18 
S. subbicolor sol. 12 
8. s(juarrosum sol. 0 


This association occupies a greater surface on Transition bogs than all 
the other associations taken together. It extends uninterruptedly over con- 
siderable areas, not seldom thousands of square metres. 
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7. Association Pinus silvestris-Carex iasiocarpa-Sphagnaceae. 

from five plots.) 

g. Carex lasiocarpa cop. 90; spar. 10 

Calamagrostis lancoolata cop. 20; spar. 


(Compound list 

md. Bo tula alba cop. 20; sol. 40 
Populus tremula sol. 20 
ma. Pinus silvostris cop. (K); spar. 20; sol. 
20 

Picoa cxcclsa sol. 20 
p, Salix aurita spar. 40 
n. Vacciuium oxycoccus cop. 20; sol. (50 
Cassandra calyculata spa?-. 20; sol. 00 
Ledum palustro sol. 00 
Andionioda polifolia sol. 40 
Vaccinium myrtillus sol. 40 
V. uliginosum sol. 20 
h. Orchis maculata sol. 20 


20 

Eriophorum vaginatum cop. 20; spar. 
20; sol. 00 

MoHnia cacrulea sol, 20 
h. Polytrichum stricdiim sol. 00 
Hypnum schrebcri sol. 40 
cs*. Sphagnum recur vuim soc. 40; cop. 00 
S. subbi(!olor soc. 20; cop. 40 
S. medium sol. 20 
/. CIadoni;i rangiforina sol. 20 


This association covers considerable spaces on Transition bogs, only sur- 
passed in this respect by the preceding one. It is found in plots of hundreds 
and thousands of square metres. 


8. Association Carex m9im/a-8phagnaceae. 
(Compound list from five plots.) 


md. Ih‘tula alba sol. 100 
nia. Pinus silvostris sol. 80 
Pic(‘a oxc(‘lsa sol. 40 
p. Salix aurita sol. 20 
h. Menyanthes trifoliata s]iar 20; sol. 80 
Naumburgia thyrsiflora sol. 40 
(>)marum palustn* sol. 40 
Epilobium palustro sol. 20 
E(]uisctum holoocharis sol. 20 
(y\‘illa paluatris sol. 20 
(lalium pa-lustre sol. 20 
lJtriculari}i vulgaris sol, 20 
Alisma plantago sol. 20 
Hanunculus lingua sol. 20 
g. ( /a rox rostra ta soc. 20; cop. 00; spar. 20 

C. lasio(;arpa sol. 00 
('alamagrostis lanccolala sol. 40 
(’arox vcsicaria sol. 40 
Eriophorum vaginatum sol. 40 


Carex vulgaris sol. 20 
C. caiKvsccns sol. 20 
0. lirnosa sol. 20 
»Schcuchz(^ria palustris spar. 20 
//. (’assandra calyculata sol. 40 
Andromeda polifolia sol. 40 
Vaccinium oxycoccus sol. 40 
Ledum palustro sol. 20 
Vaccinium vitis-idat^a sol. 20 
h. Hypnum schrebcri 

l\)ly trichu m (;ommu ne 
Aulacomnium palustn^ 

J )icranum bonj oani 

ff. Sphagnum recurvum soc. 40; cop. 40 
spar. 20 

S. mcxlium sol. 40 
S. squarrosum sol. 40 
8. obtusum sol. 20 


This association often covers hundreds of square metres of treeless Transi- 
tion bog on mineral soil at the edge of meadow associations, and is the most 
extensive of treeless Transition bog associations. 

The Menyanthes /r?/ob'a(a-Sphagnaceae asvsociation (not described here) is 
the only remaining Transition bog association that plays any considerable 
part in the general aspect of the vegetation covering. 


B. Ecology of the Species. (Cf. Fig. 4, p. 188.) 

The formation of new peat in the Transition bog exceeds its decomposition 
and therefore the bog continually grows in height. As this happens the roots 
of the plants are removed further from the ground water table and are in- 
creasingly fed with atmospheric water so that the concentration of mineral 
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salts in the water feeding the plant roots becomes less and less. The different 
species show different powers of adapting themselves to this change. 

Carex vesicaria grows in company with C. gracilis on marshes, and 
occurs also on Transition bogs which are just forming on mineral soil (of. 
Fig. 4). It is dominant mainly in {)laces where water stands in spring, but which 
are comparatively dry in summer. It is more hydrophilous than C. gracilis^ 
so that it occupies lower levels in the microrelief. It stands shading fairly well. 

Molinia caerulea occurs as isolated plants on marshes, and, like Carex 
vesicaria, than which it is rather more xerophilous, it forms associations on 
very recent Transition bogs. It also bears shading fairly well. 

Calla palustris has a greater range of adaptation to varying concentra- 
tion of mineral salts than the two preceding species, so that although it 
occurs on marshes it also forms an association on older Transition bogs. It is 
more hydrophilous than Carex vesicaria and bears shading well. 

Menyanthes trifoliata has an even greater range of adaptability to 
differences in concentration of mineral salts, so that it is dominant in a number 
of associations from marshes to older Transition bogs. It also has a great 
range in respect of adaptation to water. It tolerates sha<ling fairly well. 

Calamagrostis lanceolata is dominant only on Transition bogs of the 
same age as those where Calla 2 )alustris flourishes. Its relation to water is 
intermediate between those of Molinia and Calla. It bears shading fairly well. 

Carex lasiocarpa is a typical plant of the Transition bog, very well 
adapted to the varying conditions of existence on the growing surface of the 
peat, and can tolerate a lower concentration of mineral salts than any of the 
preceding species, so that it occurs on older bogs. Rarely (as on the Tatischevo 
marshes) it is dominant where the hardness of the water rises to 20 (German) 
degrees. It is more hydrophilous than the preceding species and can bear 
moderate shading. 

Carex rostrata ranges from water of 25 degrees of hardness to bogs 
slightly younger than those in which (L lasiocarpa flourishes. It is more 
hydro})hilous than that species and likes slowly flowing water. It does not 
tolerate shading. 

C. Ecology of the Associations. 

The associations of the Transition bog are not genetically equivalent, but 
form a developmental series beginning with boggy forests and ending with 
the Sphagnum bogs. It is moisture which determines the distribution in 
space of the associations which arc more or less genetically equivalent. The 
following lists of associations are in order of increasing moisture: 

Younger aHsociations Older associations 

lietula alba- Molinia cacrwif'a-8y)hagnaceae Beiula nJha-Calamagrottiis lanceolata-^jAiagnacem 

Helnla alba-Carex ?^e^s«V!ar/a-Sphagnaceae Pinus .nlvcsfri^ -Carex IcufiocarpaSphagnaceae 

/ Beiula aUm-Calla ptf^w.s^r/.'i-SphagTiaoeae j Betvla alha-Carex la^iocarpa-Hphagnawan 

\Betvla allm- Menyajithes j- Carex roMrataSphagnaeoaG 

( Sphagnaceae j 
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Using as indicators species of mineral soil which require little water we 
obtain a series corresponding completely with the moisture series above. With 
increase of moisture the number of mineral soil indicators decreases. 

Bci'ula alha-Cala7nagrosti8 la.nctolata-^])h.. 5*0 Bdula alha-Carcx lasiocarpa~^\)\\. 2 - 4 1 

Binus silvaitris-Carex lafiiocarjtaSiih. 3-2 Carcx roslrata-^iAi. 2-40 

The small difference between the last two figures is due to the small 
number of plots of the last association investigated. The number of plots of 
the younger associations given in the moLsture series above was insufficient 
for the application of this method of analysis. 

1). Succession of Associations. 

The associations of the Transition bog are in a state of unstable equilibrium. 
They form a continuous developmental series, beginning with the associations 
of the mineral forest or meadow soil and ending with the 8])hagnum bog 
complex. Under existing climatic conditions this jirocess of development, 
when once it begins, tends to continue to its natural climax, each association 
making its own continued existence impossible, and furnishing the conditions 
for the formation of a succeeding one. 

There is no doubt that tliis gradual transformation of forest into bog also 
took place in former times, and that on a large scale. The layer of Hphagnum- 
sedge ])eat with abundant pine wood occurring at the bottom of most of the 
bogs is evidence that they were formed chiefiy by the gradual invasion of 
coniferous forest by the bog plants. The processes of succession involved, the 
longest and most complicated of which is the transformation of sjnuce-birch 
forest into bog, hav(i not yet been described in any detail for Central Russia. 
The chief criterion of the })osition of an association in the genetics series is its 
relation to the centre of tlie bog. The nearer it is to the centre the later it 
stands in the genetic series. Measurement of the thickness of tln^ peat affords 
indirect confirmation of conclusions reached in tliis way. The extent of surface 
occupied is a measure of the relative duration of an association — the greater 
the area the more long-lived is an association on the whole. The means of 
propagation of the species must also be considered. 

The typical forest association is Picca excelsa- Vavcimuiu mi/rtillm- 
schreberi with abundance of F. vULs-idaca. The transformation usually begins 
with the appearaiKJc of Polytrid^^^^^ conintune. Its dense tufts spread rapidly 
and stifle the other mosses and the flowering plants. A zone of Picea excelsa- 
Polytrichwm commune, a few metres wide, commonly occurs in spruce forests 
which are beginning to be transformed into bog. Polytrichum commune retains 
moisture in its dense tufts and makes possible the establishment of the more 
hydrophilous Sphagnum girgensohni. The Picea excelsa- Poly triehum commune 
association gives way to the association Picea excclsa-Sphacjnum girgensohni. 
Neither of these associations is long-lived. The appearance of Sphagnum 
recurmm P.B. and the beginning of peat formation is accompanied by the 
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rapid dying o£E of the spruce, which does not regenerate. Betula alba becomes 
predominant, Sphagnum recurvum forms the moss-carpet, and the forest species 
give way to bog species. This marks the establishment of Transition bog proper. 

The associations of the Transition bog are disposed in concentric circles 
round the centre of the bog (Fig. 1). On the very edge of the mineral soil 
small islets of Betula alba-Carex vesicaria-Sph, and Betula alba~Molinia caerulea- 
Sph. are scattered. The shallowness of the peat, which does not exceed a few 
centimetres, and the smallness of the areas of these associations, point to 
their short duration. 

Further towards the centre of the bog extend the associations Betula alba- 
Calla j)alusiris-8ph.. and Betula alba-Calamagrostis lanceolataSph, There may 
be from 15 to 40 cm. of peat under the last-named (Masslovo Bog, District of 
Bogorodsk, Gov. of Moscow), and this shows that the bog has already passed 
through decades or even centuries of development, while the considerable size 
of the areas indicates comparative stability. This association in fact extends 
almost everywhere along the wooded borders of the bogs. 

Next comes the association Betula alba-Menyanthes trifoliaiaSph. on still 
thicker peat, and then a wide belt of Betula alba-Carex lasiocarpa-^p\i. on peat 
up to 100 cm. and more in depth, extending over hundreds or thousands of 
square metres, indicating its relative longevity. This association in fact occupies 
more space than all the earlier ones (which tend to occur as islands in it) put 
together, so that we may conclude that its longevity is also greater than that 
of all the others together. In regard to the fate of il.a.-C’.i.-Sph., see p. 189. 

Individual associations may of course be missing from any given sue- 
cessional series. 

Analysis by means of indicators confirms the conclusions drawn from the 
position of the associations. 

Mineral soil Sphamum bog 
indicators indicators 

Betula alba-Calamagrostis Za?icco/a<a-Sph. 5-29 1*86 

Betula alha-Carex lasiocarpa-'Sjih, 2-41 3*94 

Not enough plots of the genetically earlier associations were examined to 
enable an indicator analysis to be made. 

The succession from pine forest to Sphagnum bog passes through a smaller 
number of stages than the succession from spruce forest (see Fig. 1). This is 
because the sandy soil on which the pine forest grows is poorer in mineral 
salts, so that the last stage can be reached more rapidly. Very often the 
development begins with the development of a sphagnum carpet with Carex 
lasiocarpa in the pine forest itself (P^s.-C.L-Sph,). Then comes Finns silvestris- 
Ledum palusir e-Cassandra calyculata-^ph., or Finns silvestris-Eriophornm vagi- 
natum-’&ph. (Fig. 1). Sometimes the succession is still shorter, the pine forest 
passing directly into a bog, oftenest into P.5.-i.p.-G.c.-Sph. (The Birch- 
Cala7imgrosti8-'iip}i, stage does not occur.) 
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When treeless meadow develops into bog the association Carex rosimta- 
Sph. appears. This cannot be dealt with here. 

4. INFLUENCE OF CULTURE ON THE VEGETATION OF SPHAGNUM 
AND TRANSITION BOGS 

Drainage. 

If the drainage is very complete the bog vegetation disappears altogether 
and the peat becomes inhabited by a varied ruderal flora (Rumex acMosella, 
Ef ilobium angudifoliuni, etc.). With moderate drainage the bog plants survive 
but different species show varying degrees of resistance. Vaccinium uliginosimi 
is more resistant than most, so that in moderately drained P..9.-L.p.-C.c.-Sph. 



Fig. 5. Transformations of associations of the Sphagnum hog in nature and as a result of artificial 
interfiU'ence. 

The central horizontal row of five circles represents the changes of the associations of 
the central bog complex, wliich may proceed in either direction, from more xerophytic (loft) 
to more hydropliytic (right) or vice versa (sec p. 192). The upper circles reprtisent the 
associations which are formed after the dying olT of Sphagna in the hollows, bringing about 
the levelling of the uneven microrelief. The lowest horizontal row represents the changes in 
vegetation brought about by fires, drainage and peat extraction. 

it often predominates (Fig. 5), though playing an altogether subordinate part 
in the untouched association. I have observed thousands of square metres of 
luxuriant V. uliginomni during the first stages of draining, and even on com- 
pletely drained bogs where peat is being dug the species occurs in large groups. 

Erio'phorum vaginatum does not bear drainage so well, though it occurs 
almost pure along the sides of sufficiently damp turbaries. When the plants 
are in fruit such places can be picked out from a distance by their dazzling 
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white colour. The hydrophilous Carex linwsa^ Rhyyichospora alba and Scheuch- 
zeria palustris disappear first on drainage; also the Sphagna, S. medium 
holding out longer than S. recurvum. 

Extraction of Peat (see Fig. 5). 

The vegetation of turbaries depends on (1) the type of bog, (2) the thickness 
of the untouched peat, (3) the depth of water in the turbary, (4) the age of the 
turbary. 

The colonisation of Sphagnum bog turbaries which are constantly inun- 
dated proceeds as follows. The pioneers are the floating Sphagna (most often 
S. mspidatufn) or the genus or subgenus Drepanocladus (Harpidium), most 
often Hy])nu7n {Drepanocladus) fluitans. At first the separate moss plants 
grow horizontally, but gradually, as they multiply and exercise lateral pressure 
upon one another, they become vertical and the dense mass forms a platform 
on which Eriophorum vaginaitvrn can establish itself. This species colonises 
easily by its flying seeds always ripening in abundance, and is scattered from 
the peat heaps left by the extracting engines. On turbaries thirty years old 
the tufts of Eriophorum are usually in lateral contact, but with their bases 
separated by a quagmire covered by Sphagnum which hides the surface of the 
water (Fig. 5). Carex liniosa is absent from this habitat which seems most 
suitable for it. The ex2)lanation is that this species disappears from the bog as 
soon as drainage begins and its seeds are too heavy to travel any distance. 

On the turbaries which are not inundated forest of Betula alba develops 
with a ground vegetation of various marsh-loving species. 

The colonising vegetation depends also on the proportion of mineral salts 
in the water and on its reaction. Poverty in mineral salts and an acid reaction 
are favourable to the development of Sphagnum bog plants. The inundated 
turbaries of Transition bogs, especially those with a mineral bottom, are 
colonised by aquatic plants, most often HydrocJiaris morsus-ranac, Lenina 
trisulcMy Nymphaea Candida, more rarely Stratiotes aloides. If the water is not 
too deep there appears, after the aquatic species or sometimes with them, an 
association of Eqiiiselum heleocharis. The stems of this plant form a dense 
growth above water, while its rhizomes, intertwining below, give the bog 
plants a substratum on which they can fix themselves. Very often the colonisa- 
tion by Equisetum is accompanied by the spreading of a moss carpet over the 
surface of the water, most often formed by Hypnum aduncum Hedw.^ and 
Sphagnum teres Angstr. Thus we have the two associations : Equisetum heleo- 
charisSph. (Bystroe marsh, district of Bogorodsk, Gov. of Moscow) and 
Equisetum ar ns*-Hypnaceae (turbaries near Bisserov, district of Bogo- 

rodsk). In deeper and more peaty basins Typha latifolia takes the place of 
Equisetum heleocharis. 

The ultimate fate of these aquatic associations is passage into the typical 
^ Kindly dotermiued by Dr H. Paul, of Munich. 
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associations of the Transition bog, Carex rostrata’iiph. and Carex lasiocarpa- 
Sph. In the Bystroe marsh, where a little river has been absorbed by the 
bog, a picture of the succession of Equisetum heleocharis to Carex lasiocarpa 
can be observed. At the same time the floating Sphagnum covering thickens. 
In the middle of the former river-bed there is a dark green belt of Equisetum 
heleocharis growing on a carpet of Sphagnum teres. Nearer the banks the 
vegetation is lighter green due to Carex lasiocarpa and the carpet of Sphag- 
naceae is denser. One can easily walk across the bog on the floating Sphagnum 
carpet: only here and there are spaces of open water covered by aquatic 
plants and surrounded by Equisetum heleocharis. The succession is: 


Nuiihar lutoum ^ i i i • ^Equisetum helcucharis- 

Potanu-gaton «atani.->l MuiBctum helcochana-^ | ^Sphagnum 


j Carex lasiocarpa- 
/ 8phagiium 


In the turbaries near the village of Bisserovo the succession is as follows: 


llydruehariH in()raus-raiiao-> (Equinotum helco- ( Equisetum heicoeharis- / \ Carex rostrata- 

Nymphaoa Candida -> \ charis — > \ Hypnaceae j } Hypnaceae 

The colonisation of the deeper turbaries of the Transition bogs with a 
layer of peat at th(i bottom, is simpler. The large quantity of salts in the water 
evidently prevents the development of aquatic plants and of Equisetum 
heleocharis, which is also hindered by the great depth of the water. Turbaries 
of this type are generally colonised from the sides by floating Sphagna, upon 
which grows Carex rostrata, and this C’.r.-Sph. association covers hundreds of 
square metres, its development being made possible by the chemical content 
of the water. 


Effect of Fires (see Fig. 5). 

Fires are very common on Spliagnum bogs. Their eifect tlepends upon 
their intensity. A great fire destroys all the vegetation and may even level 
the surface of a hillocky peat l)og. The burn is invaded by various plants 
from other habitats, very often by mosses, principally Ceratodon purpureus 
(Fig. 5). The primordial vegetation re-establishes itself only very gradually. 

A moderate fire dries up the surface of the bog to a certain extent and 
reduces the top layer of peat to ashes. Since the peat is thus enriched by 
mineral salts the more exacting Belula alba takes the place of Pinus silvestris. 
In the herbaceous layer Eriophorum vaginatum develops luxuriantly. The 
Sphagna are replaced by Polytrichum strictum Banks, which is constantly seen 
on the tussocks of the Sphagnum bog, and after a lire develops in immense 
quantity and fruits abundantly. The mass of its capsules on a stretch of burnt 
bog can be seen from a distance by their red-Brown colour. This association, 
B.a.-E.v.-Pol.str., is widely spread on burns. Eriophorum vaginatum in great 
quantity is also seen on the burns of Transition bogs. 

Fires have a great influence on the life and development of the whole bog. 
Borders of bogs near villages are in general subject to continual fires. The 
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covering of Sphagnum almost totally disappears, the development of the bog 
ceases, and Eriophormn vaginatum and Polytrichum stricium permanently 
establish themselves. 
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INTRODUCTION 

As mentioned in Part I ( 11 ), during the late war (November 191G-October 
1917) a considerable portion of the older part of the pinewood at Oxshott 
Heath and Esher Common was felled. Since then recolonisation has been 
proceeding actively making it in many respects the most interesting part of 
the Common. Our first visit being in October 1920, the account is in some 
ways incomplete, but we have been enabled to add to it by the kindness of 
people who had visited the Common in the interim. In addition the extensive 
fires in 1921 rendered nugatory much of the colonisation prior to that date; 
thus the process was delayed and we were able, so to speak, to gain time. 
Although the succession on the felled area has reached only a comparatively 
early stage, yet we feel that the position is of sufficient interest and affords 
enough material to justify description now. It was hoped to follow the 
progress of recolonisation and to publish further accounts at such future 
times as might seem proper, but unfortunately the authorities have now 
decided to replant the area at an early date so that it will not be possible to 
complete our observations. Indeed a small area was planted with pines during 
the spring of 1925, but the interference with the natural course of events has 
not yet been very considerable. In spite of this sudden termination to the 
work it still seems of value to publish the observations, etc., already made, 
and we hope that we may be able to follow the later phases elsewhere. 

Much of the earlier work embodied in this account was done in conjunction 
with the late Mr L. W. Cole whose many helpful suggestions and indefatigable 
industry have contributed greatly to the completion of the work. Mr Paul 
Richards has been studying the Rryophytes and Lichens of the commons 
during the past two years, and has kindly supplied us with much information 
with respect to the ecology of these groups. We should also like to exj)ress 
our thanks to Messrs Somerville Hastings, W. J. Lucas and R. Paulson for 
information about the condition of the Common prior to felling and from that 
time until 1920; to Mr R. E. Hunter for help in some of the surveying; and to 
the British Rainfall Organisation for the rainfall data given. 

An examination of the map in Part I ( 11 , p. 289) will show that the felled 
area occupies the northern half of the Common, including the whole of the 
North Ridge and the northern and central valleys. It forms a continuous 
stretch with the exception of the large isolated circular felled region (“Inner 
Circle”) just north of Sandy Lane which is separated from the main felled 
area by a narrow strip of pines. To the east, just north of Copsen Farm, the 
felled region adjoins the original heathland of Round Hill and vicinity; 
elsewhere it is bordered by woodland or wooded parkland. 

The pinewood in the felled part was considerably older (60-90 years of 
age) at the time of felling than the part now standing, this being probably 
the explanation of the partial felling. The felling was somewhat irregular, as 




Fro. 2. Vegetation map of southern part of Oxshott Heath. Scale and symbols as in Fro. 1. 
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can be seen from the map (see Part I), for while the older trees were generally 
completely removed yet clumps of trees, marginal strips and isolated specimens 
were left in places. The conditions in the pinewood before felling are un- 
fortunately unknown to us personally, but from verbal accounts the wood 
generally resembled the part still standing. The higher parts had no ground 
vegetation at all in most places. On much of the damper ground stunted 
tufts of Molinia had survived since the pine colonisation some (>() to 70 years 
previously. There were bog areas along the valley crossing the “neck'’ north 
of Sandy Lane, just north of the Great Plantation and around Black Pond, 
there being a well-developed Juncetum at the eastern end of the latter. The 
most striking change since felling has been the great extension of the wet-type 
communities. It was the conversion of a dry w^oodland into bog communities 
subsequent to felling that first drew our attention to the region. 

A detailed survey of the vegetation of the Common was made on a scale 
of 12 ins. to 1 mile in the early part of 1921 and the results are given on the 
accompanying maps (Figs. J and 2). On the map the outhnes of all the 
principal communities are traced and the state of colonisation of the felled 
areas at that time can be ea.sily seen. 

The mode of representation of the vegetation follows in all but a few details 
the sclnunc outlined by Salisbury in this Jouknal, 8 , No. 1, 1920, pp. GO-61. 
This scheme has })een found quite satisfactory, the basis and species symbols 
being eTuployed with c(‘rtain modifications. Two new species symbols have 
b(?en introduced for (^asfanca mfiva and Epilohiiim angiiHlifoliimi respectively. 
Tlie area to be mapped here, however, is in a state of rapid succession so that 
it was necessary to introduce a few new types of representation. Such for 
instance is flic method of representing the invasion of a Molinietum by birch 
vscrub: another example is the variable spacing of the species symbols to 
denote different degrees of openness in the j)lant covering. The point at which 
a moorland community with scrub is converted cartographically into scrub 
with the woodland basis symbol is naturally arbitrary but corresponds 
roughly with a continuous scrub 6 ft. in height. “Birch Heath" is used on 
this map to denote heathy parts with young birches dominant or co-dominant 
and not for places where the birches are full-grown, which are included in 
“Mixed Wood” (see Part I). It was decided also to put in “Grass Heath” 
under the grassland basis symbol rather than class it as a type of heath. 

It may also be mentioned that the distances between the basis symbol 
lines were originally just over 0*2 inch (5 mm.), this being found convenient 
since it gives ample room in which to draw the species symbols. 

1. COMMUNITIES ARISING AFTER FELLING 

The communities resulting from recolonisation can be divided into two 
series, viz. Dry Series and Damp Series. These two are not always clearly 
separable, there being quite wide transitional zones in places in which the 
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dominants of the two series are in competition, and which in other respects 
show special features. 

A. Dry Series. 

These are communities developing on the higher and drier parts of the 
felled areas where water does not lie at all during the winter. From Fig. 1 it 
can be seen that the dry areas form a continuous zone across the centre of the 
felled region. On felling a large region almost bare of vegetation was produced 
and on this area, owing to its exposed position, especially along the North 
Ridge, the surface soil rapidly dried out. On the crest itself the wind soon 
removed the needle covering, but on the lower slopes this was retained and 
exerted a very important influence on the developing vegetation. This acid 
litter and peat is very unfavourable for plant life as the surface dries out 
almost completely in dry weather, with the result that colonisation was very 
slow until the surface layer became decomposed more completely. At this 
point, however, another adverse factor came into play, namely, the formation 
of “surface scale.’’ Farrow ( 4 , p. 149) has noticed the unfavourable effect of 
surface scale on colonisation. At Oxshott a thin layer (half an inch == 1*26 cm.) 
of semi-decomposed pine litter tends to dry up and shear away from the soil 
beneath in dry weather, particularly around pine stumps. Any seeds falling 
on this area and germinating after rain would find themselves cut off from 
below with a considerable crack to traverse and would die of drought if dry 
weather supervened. It was observed in 1923 that more Calluna seedlings 
appeared where no “scale” existed or where the surface was almost pure sand. 
Where seedlings were found in “scale” areas they were almost invariably 
associated with the vertical cracks in the surface layer. That the actual 
nature of the peat at this stage was not inhibitive j)er se was shown by the 
fact that in places many Calluna seedlings occurred where the surface was 
pure powdery peat. As a result of these various factors colonisation was 
postponed in many places until the peat layer was almost completely denuded. 
The delaying effect of the undecomposed humus-layer is still well shown on 
some of the lower ridges where a combination of good drainage and com- 
parative protection from wind has prevented the rapid removal of the 
peat. 

(I) The Pioneer Phase. 

A number of pioneer communities have been developing on the dry areas 
since the felling, most of them being dominated by a single species. The 
following plants have formed such communities in varying degrees: Pteridium 
aqu'iMrium, Calhina vulgaris, Efilobium angustifolinm and Betula spp. {B, alba 
and B. 'pubescem). These species did not all start equal in the competition 
for the new ground: Pteridium was already present as communities in the 
pinewood, Calluna occurred as isolated individuals in the body of the wood 
or as larger patches in openings, while both Betula and Efilobium have had 
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to migrate from outside. These differences have played a large part in 
determining the course of recolonisation. 

After felling the first development of the plants in the drier regions was 
the recovery of IHeridium and isolated Ericaceous shrubs. The degree to 
which the latter had survived in the older pinewood is not known, but in 
view of the greater age of this part of the wood compared with the existing 
part it seems likely that they had done so in very favourable spots only. 
There are however several places where the pines had apparently never reached 
any gi’eat size, and there heath vegetation persisted. 

(a) Ptkiudium aquilinum consocies. 

Pteridium, which spreads by rhizome growth only in these dry regions, 
forms communities very similar to those described in Part I. The districts 
covered by Pieridiuni at present are in all probability the same as those 
occupied in the original wood, although increase in area has taken place. As 
far as we are aware, no new Pteridium communities have originated in the 
dry regions since 1920. Sharp edges to the bracken communities such as 
described for Breckland (2, p. 223) have been noticed, and are well marked 
where the Pieridiuni is advancing over almost bare, fairly uniform slopes or 
fiats. Except against one plant Pteridinrn has had little o})portunity of making 
use of its well-known power of competition, owing to lack of organised com- 
petitors. The exception is Efilohium angustifoUimi which quite early had 
covered extensive stretches of ground on the northern ridge. Here it is being 
invaded by PteridMini, the border line between the two communities being 
sharply defined. On examining the Pleridium numerous plants of Epilohiuni 
were found among it. Owing to its great height Epilobiuni is not so easily 
ousted by Pteridium by shade effect as other plants are. The flowering stems 
grow above the bracken and are thus in o})en d«ay light, but the shorter sterile 
stems and all the stems in the earlier stages are badly affected by the shading 
of the bracken. Althougli Epilohium sj)routs before Pteridium, the latter soon 
overtakes it so that until the Epilohium shoots push through tlie curtain of 
fronds, they are in considerable shade. It is probable, however, that the 
reduction in nitrification correlated with the increase in acidity of the soil 
under Pteridium has a greater effect than the shading. Epilohium is a “ nitrate- 
loving” plant (7, resume, p. xliii), the luxuriance of its growth being more or 
less directly related to the nitrifying power of the soil, and estimations have 
shown that nitrification is less active under Pteridmm than among the 
Epilohium outside the bracken community. Thus the willow herb will be 
gradually replaced by the bracken. This process is being followed in greater 
detail by means of selected quadrats. 

Apart from Epilohium, the Pteridium communities are remarkably pure, 
especially in the older parts where the action of the fronds has been continuous 
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over a longer period, except for young birches of all sizes which are to be 
found growing among the bracken. 

Only a small portion of the higher ground is occupied by Pteridium, the 
remainder being the scene of struggles between other plants. We would 
wish to emphasise that all the dominant plants and most of the others as 
well are able directly to colonise the bare ground. It is first necessary that the 
pine litter should be partially decomposed by soil fungi and bacteria before 
the higher plants can obtain a foothold, but lower plants other than these 
play no necessary role as prime colonisers. 

{h) Calluna vulgaris oonsocies. 

The coloniser 'par excellence of the dry regions of the felled area is, as might 
be expected, the heather, CaUuna- vulgaris. Since the original Callunetum is 
on the far side of the unfelled pinewood very little help has come from that 
source; this explains the tardiness of the spread of Calluna at first. It was 
not until the surviving plants in the larger openings in the wood, or perhaps 
in the body of the wood itself, had recovered sufficiently to flower and produce 
the seed necessary for colonisation that any rapid spread took place: also it 
is i)robable that the pine-needle covering was at first not sufficiently de- 
composed. At present there are many plants which produce prodigious 
quantities of seed. The heather grows very quickly on such soil and is rapidly 
producing a continuous, if low, carpet of vegetation. The favourable con- 
ditions for growth are well exemplified in the very profuse flowering which 
in its turn produces more seed and fresh plants. The two photographs 
(Plate II, figs. 1 and 2) show the same view taken in 1922 and 1925 re- 
spectively. 

Although in many places the new Callunetum is thick and from 9-12 ins. 
high, there is as yet little of the ground vegetation found in it elsewhere 
(cf. Part I). The mosses Camp'ylopus flexuosus, Webera nutans. Polytrichum 
juniperinum and P. formosum. are present in very small quantity under the 
heather: continued search failed to discover either Hypnum cupressifonne var. 
ericetoruyn or Dicrammi scoparium, which are so frequent in the mature 
Calluneta. The first named is doubtless handicapped by its rare fruiting 
whereas Polytrichum fruits regularly so that the spores soon reach the newly 
covered areas. There are a number of localities on the felled areas where the 
presence of small pine trees up to 20 ft. in height and the absence of large 
stumps indicate the former presence of an opening in the mature wood. Here 
the typical Callunetum mosses mentioned above are found although in rather 
small quantity. Other relict plants found on these areas include Lecidea 
granulosa, Hypnum schreberi, Cladonia furcata*, C, sylvatica, C, undalis, C, 
pyxidnta, C. fimbriata, and var. radiata, and C, coccifera"^. Those marked with 
an asterisk do not occur in the pine openings, but are ordinary Callunetum 
species. Very few of the above are found in the young Calluna consocies. 
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I. Dry area in 1923 sliowin^ invasion of Calluna consocies. Small birche 
ran just be detected here and there. 



bbo. 2. The same area as that shown in Fig', t, taken from the same spot in 1925, showing 
increase of Calluna and great height growtli of the birches. 
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Obfiiervatioiis seem to show that Dicranum and Hypnum are spreading into 
the Calluna consocies from these relict areas. 

An interesting feature in the embryonic Calluneta is the frequency of 
Erica dnerea (cf. 5, pp. 156-163), this plant being much favoured by the 
comparative lack of competition and growing very well. Its prevalence is 
also probably due to its greater abundance in the mature pinewood, as 
described in Part I. In the more closed areas Erica is less common. From this 
and other observations it seems that the explanation of the distribution of 
Erica dnerea in heath communities must be sought in its relation to Calluna 
and not in terms of habitat factors directly. It is apparent that Erica is 
always dominated by Calluna under normal heath conditions, in all probability 
owing to the latter’s taller growth, but that when the conditions become 
abnormal Calluna is often affected more than Erica] in these cases Ericji 
becomes more abundant. Such abnormal conditions are reduction of light, 
eating by rabbits, disturbance of soil, drying out of soil, burning of heath, etc., 
and it can be seen that these may have an equivalent effect in that they affect 
Calluna more adversely than they do Erica. Most of them are certainly 
unfavourable for Erica itself. This question is being investigated more 
fully. 

On the ridge, which is much more exposed and has much less soil, both 
Calluna and Erica are less common than elsewhere. The former is gradually 
creeping up the southern slope and should eventually dominate the ridge, but 
at present (1925) Efilohium is the most abundant plant there. Erica dnerea 
is, however, locally abundant on certain rather dry gravelly slopes, where it 
forms a low interrupted sward and flowers profusely. 

(c) Epilobium angu ST] folium consocies. 

One of the most interesting of the phanerogams is E'pilobium angustifolium, 
since it is practically absent from the original heathland. This species was 
first recorded by Mr W. J. Lucas on the felled area in 1918 and apparently 
was absent previously since it is too conspicuous a plant to be overlooked. 
E'pilobium is particularly well adapted for colonising newly-bared areas since 
it produces an abundance of seeds which are carried long distances by wind. 
In addition it has extensive branched roots usually producing a number of 
adventitious aerial shoots. The latter grow very closely together, and are 
very tall, thus being able to shade over and crowd out other plants. Our 
germination experiments show that usually the seeds are not able to geiminate 
in acid raw humus, but if this is removed the plant soon establishes itself. 

Until 1921 the higher ground was covered with a thick (1-3 ins. = 2-5- 
7*5 cm. deep) layer of partially decomposed pine-litter except at the summit 
of the ridge. Here the organic covering was blown away at an early date, 
leaving the underlying gravel, and this was rapidly colonised by Epilobium. 
In some places the effect of exposure has been so much as to remove some of 
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the surface soil, the pine roots being totally exposed, but the Epilobium has 
maintained itself and is still very abundant. 

It has been shown ( 7 ) that the presence of Efilobium is closely related 
to the capability of the soil to produce nitrates and that nitrates are stored 
up in the organs of the plant, especially in the younger stages ; Hesselman 
terms Epilobium a “ nitratophilous ” plant. In coniferous woods with a raw 
humus layer on the ground nitrification does not take place, but on disturbing 
the ground or removing the humus nitrification is initiated. Such conditions 
are paralleled here, the general distribution of Epilobium being easily explained 
on this basis. Soil which has been burnt always nitrifies actively for some 
time afterwards, and Hesselman ( 8 , resume, pp. ci cv) records Epilobium 
from all such places after fires. In 1921 fires burnt away the peat com- 
pletely in many places, thus enabling Epilobium to colonise areas where 
otherwise it would not have succeeded. These fires will be dealt with more 
fully later. 

The best growth of Epilobium on non-burnt areas is seen in certain hollows 
on the northern ridge. A considerable amount of gravel has been removed 
producing a large depression — named by us the ‘‘Great Hollow” and described 
fully later on— with a number of subsidiary holes in its proximity. The sides 
of these pits are very steep and unstable, fragments being carried down 
continually from above. They may be as much as 10 ft. in depth. Hesselman 
( 7 , pp. 370-373) has described the occurrence of Epilobium in gravel pits in 
Sweden and has shown that even in quite bare mineral soils nitrification 
proceeds actively but is increased if humus be mixed with the gravel, etc.; 
such conditions are almost exactly reproduced in these hollows. Estimations 
of the power of nitrification of soil by the phenol-sulphonic acid method were 
made in one spot at the base of a slope. On testing after allowing the moist 
soil to stand for 25 days the soil contained 133-5 mgm. NOg per litre of soil. 
In such places Epilobium grows very luxuriantly, some of the shoots being 
over 6 ft. in height, and completely crowds out any other plants which may 
be present at first. It is a curious fact that in the more open parts also 
Epilobium always grows preferably in slight depressions, so that in some 
places where the ground is regularly ridged there are long parallel rows of 
plants in the grooves with quite bare ground between them. Soil samples 
collected from the ridges and hollows were stored for 34 days and the nitrifying 
power of the soil estimated. The soil on the ridges consisting of sand with a 
slight admixture of humus gave 0*95 mgm. NOg per litre of soil, while the 
soil from the hollows, which was a black mild humus with birch leaves, etc., 
gave 53*7() mgm. NOg per litre of soil during the same period. This shows that 
in the hollows the soil is a much more favourable medium for nitrification than 
on the ridges and in view of Hesselman’s work this seems to be the explanation 
of the distribution of Epilobium in this region. Nitrification estimations in 
other places, however, do not always show such clear differences and no 



V. S. SUMMERIIAYKS AND R H. WILLIAMS 211 

doubt other factors enter into the problem. This is being followed up in 
greater detail 

The Efilobium consocies differs from the others mentioned in its much 
shorter life, as the plant rarely maintains itself for very long in any given 
place. This is especially so of places where burning has taken place (see later) 
and is no doubt due in such cases to the re-establishment of the original 
unfavourable conditions when certain effects of the fire have disappeared. 
In the areas dealt with now which are unburnt the life of the consocies is 
longer and perhaps in places may be indefinitely prolonged, such places being, 
for example, on steep banks where fresh soil is continually being exposed. 

{d) Abhooieb of Bet u la alha and B, pubescent. 

There are two other plants, besides those already dealt with, which form 
communities on the drier areas, viz. the two birches named above. Of these 
B, alba is decidedly the commoner on the dry areas; indeed B. pabescem is a 
rather rare plant there. This agrees with conditions in Epping Forest where 
Mr Paulson tells us that B. alba is more frequent on the higher and drier 
ground. There seems no reason for supposing that B. pubesaens cannot grow 
well on dry areas since quite well-developed specimens, as healthy as any of 
those of B. alba, occur on the top of the North Eidge. Apparently it is in the 
seedling stage that the solution of the problem lies, plenty of seed of B. 
puhescens being available all over the heath. Unfortunately some germination 
experiments carried out in 1925 on the terrain in order to clear up this point 
were vitiated by the unseasonable drought in May and June of that year, 
and we have had no time to repeat the experiment. With respect to other 
factors we have few indications at i)resent. Dr Salisbury suggests that 
B. pubescem grows better under more acid conditions than B. alba, but we 
can find nothing to support this at Oxshott, indeed the superficial roots of 
B. alba grow in a more acid medium in the dry Calluna consocies than do 
those of B. pubcsccMS in the wet Molinia consocies. Mr Tansley’s experience 
is that they grow equally well in very acid conditions, but that B. alba grows 
much better than B. pubescens under neutral or somewhat basic conditions, 
but of course we have no information bearing on that here since the lowest 
acidities obtained are pH 6*9. 

Hybrids are very frequent at Oxshott and serve to increase the difficulty 
of effectively tackling the above problems; they occur occasionally on the 
dry areas. 

As will be seen later, Betuki colonises the damper areas more readily than 
the dry ones where in most places the trees are scattered at intervals of 10- 
50 yds. from one another. In sx:>ite of this there are several places where the 
birches are dominant or at least abundant. One such area is to be found 
N. and N.E. of Black Pond (Fig. 1). Here the ground is almost bare except 
for many young birches which are about 4-6 years old and up to 10 ft. (3 m.) 
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in height, forming a somewhat dense scrub. These birches must have colonised 
the bare ground here coincidently with the Calluna elsewhere : they are thus 
true pioneer colonisers. 

The chief plant to be found between the young trees is Calluna vulgaris 
which is scattered about at intervals of several yards or more. On the typical 
developing Calluna consocies it is noticeable that attack by rabbits, of which 
there are a number on this part, is of little importance although there is 
ample room for penetration between the individual plants (3, p. 61 ). It is 
only at the edges of the Calluna zones that the effect of rabbit attack is at all 
evident. It seems that there are more Calluna bushes than can possibly be 
bitten to injure them appreciably; in fact in these areas young Ulex nanus, 
Molinia and Carex jnlulifera seem to be the rabbits’ first choices. This is not 
the case in the birch area described above. Here the amount of food is 
strictly limited, the Beiula being too old, with the result that almost every 
heather bush is nibbled down to a compact circular cushion, flowering being 
almost entirely suppressed. In one or two places where the Calluna is rather 
thicker it was not eaten so much and was flowering freely. The isolation of 
the bushes is therefore a distinctly unfavourable condition and the lack of 
seed production probably explains the slow colonisation of this region. It is 
interesting to note that isolated Erica (dnerea bushes in the same region were 
practically untouched and flowering profusely. E. cinerea is eaten in other 
places on the Common, but apparently is not so much appreciated as Calluna; 
in this region there is presumably enough of the more palatable Calluna to 
satisfy the relatively few rabbits present. 

The reason for the occurrence of ‘‘pioneer” birch scrub in this area is 
probably the close proximity of many mature trees of Bef/ula alba and the 
consequent availability of enormous masses of seed. In most other places 
where the dry areas are at all near mature trees these are actually themselves 
in wet areas and are predominantly B. pubescens, which species, as mentioned 
above, only establishes infrequently on the drier regions. There seems to be 
little difference in the state of decomposition of the pine humus here and 
elsewhere. 

(e) General Observations. 

Scattered over the drier area and found in all the developing communities 
there, with the exception of those of Pieridium, are the following plants: 

Aira praecox Molinia caerulea 

Betula 8pp. (seedlings) f. Omithopus perpusillus 

Carex pilulifera Pinus silveatris (seedlings) 1. 

CuHCuta epithynium (on Calluna, Rubus spp. 

Ulex nanus and Eriea cinerea) Sonecio silvaticus 

Deschampsia flexuosa Trifolium repens 

Erica tetralix r. Ulex europaeus (seedlings) 

Eagus silvatica (seedlings) on ridge U. nanus 

J uncus squarrosus 

In addition there are several plants usually associated with excavation 
heaps and rabbit burrows only. 
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Anagallis arvensis Polygonum persicaria 

Cerastium vulgatum Solanum nigrum 

Cirsium arvense Sonchus oleraceus 

Poa annua 

The Common was used a little for military purposes during the war, and 
these plants were probably introduced then or during the felling; one or two 
{Cerastium and Sonchus) are commonly found on other parts of the heath 
and are, no doubt, constant immigrants from outside. 

Among the plants of the first list there are some which offer points of 
interest. Erica ietralix and Molinia are found almost exclusively in the zones 
bordering on the wet series of communities. The latter in particular seems 
to be extending its range rapidly upwards on the higher ground. Isolated 
tussocks far from the main body of Molmia SiTe thriving and have produced 
inflorescences up to 3 ft. in height during the past three summers. In these 
cases however the tussocks were growing apart from CaUuna^ Molinia probably 
not being able to compete successfully with Calluna in these dry districts. 
As mentioned above, Molmia, when growing isolated, also suffers from the 
attack of rabbits. On quite dry ridges small Molinia tussocks are found bitten 
right to the ground and this is, no doubt, a potent factor in preventing the 
spread of Molinia above a certain contour. 

Ulex nanus has appeared, chiefly in the Calluna areas, where it is growing 
well in many places, producing upright and oblique shoots and flowering. 
In the shelter of birches it forms large bushes about 3 ft. high. In the barer 
parts it is early attacked by rabbits which keep on nibbling away the soft 
young shoots and thus keep it in close cushions. Fritsch and Salisbury 
( 6 , p. 135) note the rarity of establishment of seedlings at Hindhead and this 
corresponds with the slow spread at Oxshott since all the plants must have 
come from seed. IJ . europaeus seedlings are growing in several spots in the 
bare areas especially near Round Hill where the plant is common on original 
heathland. 

Cuscuta occurred very abundantly both in 1922 and 1923, but less fre- 
quently in 1924 on the young Calluna bushes. It was also seen on Erica 
cinerea and Ulex nanus. In 1922 it did a considerable amount of damage to 
the bushes, but in 1 923 the attack was not so severe. Although cases have been 
noted in which plants have died after an attack by Cuscuta, yet generally the 
damage is not so great and is usually limited to a complete or partial prevention 
of growth in size. Some plants seem to be attacked more or less regularly 
every year, others only occasionally. 

Senecio silvaticus is a very characteristic plant of the partly bare regions 
where it often occurs in large clumps. It seems to prefer those places where 
the humus covering is thinner or absent, such as the vicinity of rabbit burrows. 
Apparently it is a “nitratophilous’' plant like Epilobium angustifolium 
( 7 , resume, p. xliii) and only occurs where nitrification is active in the soil. 
Its occurrence at Oxshott in similar places to those occupied by Epilobium is 
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therefore easily explained. It was first recorded in 1918 and has spread very 
considerably between 1922 and 1923, doubtless owing to its efiicient means 
of dispersal. On the ridge it is restricted to depressions, probably because 
the seeds are all blown into the hollows, since in some of its stations lower 
down it is almost as much exposed to desiccation in the seedling stage; the 
explanation may perhaps be similar to that given above for Epilobium. 
Senecio is mainly a biennial plant, many seedlings appearing in the autumn 
of the year previous to flowering, but it may also be an annual. This, together 
with its relatively short flowering period and its lack of means of vegetative 
spread, renders it a much less efficient coloniser than Epilobimn. 

The species of Rubiis occur in the form of low bushes which spread by 
means of creeping stolons in all directions. Several species are included in 
this category, but as no difference in procedure was noticed they are treated 
together. 

In order to test the effectiveness of these stolons as a means of colonisation 
measurements were made from a number of these bushes. It was found that 
in February and March 1923 most of the plants had at least one stolon rooted, 
although the majority of the stolons were not. The following are distances 
from the root of the main plant at which stolons were found rooting: 

Plant 1. 8 ft. 3 in. 

Plant 2. 8 ft. 8 in. (to N.E.), 8 ft. 7 in. (to S.), G ft. 0 in. (to S.), G ft. 0 in. 
(to N.W.). 

Plant 3. 9 ft. 5 in. (to W.), 7 ft. 6 in. two stolons (to N.). 

It must be remembered that the actual lengths of the stolons were often 
greater as they do not always grow straight. In Plant 2 an unrooted stolon 
had reached the length of 14 ft. 5 in. (4-4 m.), while a young plant which had 
obviously originated from the older one was found 7 ft. 4 in. from the parent. 

The area of Plant 2 was re-examined in the spring of 1925 and it was 
found that the two bushes recorded in 1923 had been converted into a large 
number of closely placed plants which are gradually matting together into 
a low tangle. The lengths of the stolons were again measured, the longest 
one found rooting being 10 ft. 10 in. (= 3-25 m.), while there were non-rooting 
stolons up to 13 ft. 2 in. in length. Both in 1923 and 1925 the majority of the 
stolons had rooted in heather bushes, although in 1925 a case was seen in 
which a stolon branched at the tip had rooted in several distinct places, all 
in the open, but one of them had actually forced its way between the bark and 
wood of a pine stump. However in most cases the stolons terminating in the 
open seemed incapable of rooting, possibly owing to animal attack or frost. 
The old stolons only maintain connection between parent and offspring for 
three years at the most — they are dead the last year — and after that time it 
is difficult to decide from what source a young plant has been derived. 

It will be seen from the Plant 2 figures above that young plants may be 
produced in many directions at once: obviously Rubus is quite capable of 
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increasing rapidly in favourable localities. The seeds are presumably bird- 
dispersed in the first place; the species is thus being recruited continually 
from elsewhere. The plants themselves flowered and fruited in the summers 
of 1923 and 1924, and there is every reason for believing that many new ones 
have arisen by seed from the others nearby. It is noticeable here, as on the 
unfelled heath, that the bushes are commonest in the vicinity of rabbit 
burrows. This is doubtless due to the disturbance of the ground and removal 
of the unfavourable humus layer (cf. Part I, p. 294). 

Where all the humus has been removed on the ridge by wind a hard rock- 
like surface of sand is often left. This is almost impossible to colonise except 
by vegetative growth from more favourable centres on the part of plants like 
Epilobimn and Pferidiirm; it is therefore almost completely bare. 

The following mosses occur on the drier felled areas, viz. Bryum argenteum, 
Funaria Jiygronietrica^ Polyfrichtmi jimiperinum P. pilifenim^ P. formosum, 
Dicramim scofarium and Webera nutans. None of these is at all common 
except on burnt ground. Under isolated birch trees or groups of trees thin 
carpets of the above mosses are sometimes found. On this moist substratum 
the large lichens Peltigera spuria and Cladonia pyxidata occur occasionally. 
The lichen LecAdea, uliginosa occurs commonly on the peat in much of the 
drier region, especially in the Calluna zone. It is often the first coloniser in 
such places and seems to be an important factor in the production of surface 
“scale” owing to the binding action of the hyphae on the surface layer. 
Another lichen occurring in similar places, but by no means as commonly, 
is Cladonia uncialis; this however plays no part in the formation of surface 
scale. Lecidea granulosa also is found, rarely, in the Calluna consocies. 
Considered generally, the lower plants do not act as prime colonisers at 
Oxshott. 

(IT) The Birch Phase. 

In addition to the pioneer communities of Belula described above there 
are seedlings and young trees of both species to be found everywhere, though 
never abundantly. These trees grow among the Calluna and Epilobium and 
more rarely in the Pteridietum. They are most frequent where the vegetation 
is sparser and do not seem to be able to invade the closed communities very 
easily. We may consider these to be the vanguard of the “Birch Heath” 
phase in the succession, but it is very difficult to say to what extent this 
phase will become established on the dry areas. In a few places, especially 
among Epilobium,, the birch has grown so compactly as to produce open 
scrub, and in one or two places in slight depressions small birch thickets are 
found. The best example of the Birch Phase is to be found in the Great Hollow, 
and for this reason among others we give a more detailed account of it. 

The Great Hollow. On the northern slope of the ridge is a large hollow 
which was probably first formed by digging for the gravel there. It dates 
from pre-pinewood times, as large pine stumps (90 years old) occur at its 
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bottom. The depression is about 100 yds. (90 m.) long, is in some places 
20 ft. (6 m.) deep and has very precipitous sides except towards the north. 
The ‘'Great Hollow,” as we have termed it, is interesting because it shows 
the effect of protection on the nature and rate of colonisation of the felled 
regions. It is probable, judging from the ages and spacing of the felled trees 
that there was no more vegetation originally in the hollow than elsewhere, 
but now there is a very striking difference, the vegetation being very rich and 
varied, while the slopes outside are much barer. 

The dominant vegetation consists of a scrub with large numbers of the 
two birches, Betula alba being much the commoner, and young trees of Pinus, 
In the spring (February) of 1923 the pines were mostly from 2 ft. 6 in. (76 cm.) 
to 4 ft. 6 in. (137 cm.) high, and were very close together in many places. 
The birches were rather taller, being up to 8 ft. (2*64 m.) in height on the same 
date, but a number of the tallest birches had been felled in the summer of 1922 
so that really the birches were still further ahead. Where Pinus occurred in 
quantity Betula was not common. 

In view of the question of succession how^^e^tula to Pinus some measure- 
ments were made to see what were the ^3^99 liiements in the lengths of 
the leading shoots of the two species ^ 4tff'were ftage gains in a year. 
With Pinus, at the eastern end, the inef vcre from 26 -45 cm., 

an average percentage increase of 54*7, ancl i£ the 'centre in rather smaller 
trees the increments were 18 38 cm., an average of 40 per cent. Betula at the 
eastern end with increments of 60-1 J 5 cm., had an average increase of 71*5 
per cent. These and the Pinus were of approximately equal ages (3-5 years). 
From the bases of the large birches felled in 1922 shoots of 166- 193 cm. had 
developed. It can be seen that the growth of Betula is extraordinarily rapid,, 
so that it will at first outstrip Pinus. This is in accordance with other accounts. 

Ill early 1925 the ascendancy of the birches was very marked, the largest 
being up to 12 ft. or about 4 m. in height, in places forming fin almost im- 
penetrable thicket, but later in the year these were nearly all felled in con- 
nection with the replanting mentioned above. It was very noticeable how the 
social habit of the young pines completely prevented the growth of the birch 
locally. 

Growing among the young trees and on the bottom of the Great Hollow 
generally is a well-developed carpet of Calluna and Erica cinerea. Around 
the edges, especially where the slope is steep, Efilobium angustifolimn 
flourishes while Pleridium is dominant in a few places. The following is a 
general list for the Hollow made in 1922: 


Betula alba (young) 

a.— l.d. 

Q. sesailiflora (young) 

0. 

lb pubosoenH (young) 

0.— f. 

Hubiis idaeus 

1 plant 

Castanea wativa (young) 

0. 

R. fruticosus agg. 

0. 

Fagus silvatica (young) 

r. 

8 alix cinerea 

r. 

J*inu 8 silvestris (young) 

l.d. 

SorbuB aucuparia (young) 

r. 

(^uereus cerris (young) 

r. 

Ulex europaeufl and seedlings 

0. 

Q. robur (young) 

0. 
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Calluna vulgaris 

f. — a. 

J. squarrosus 

r. 

Carex pilulifera 

f. 

Lotus uliginosus 

r. 

Deschampsia flexuosa 

o. 

Molinia caerulea 

r. 

Digitalis purpurea 

r. 

Ornithopus porpusillus 

r. 

Epilobium angustifolium 

La. 

Potentilla erecta 

r. 

Erica cinerea 

a. 

Pteridium aquilinum 

o. — La. 

E. tetralix 

r. 

Rumox acetosolla 

r. 

Galium saxatile 

r. 

Senecio jacobaea 

r. 

Hieracium pilosella 

r. 

S. silvaticiis 

r. 

H. umbellatum 

I.f. 

Veronica officinalis 

r. 

Juncus effusus 

o. 



Most of the plants were 

present only 

in very small numbers. 

as is quite 


evident from the lists. This is probably due to the time factor: they have not 
had time to get there yet in quantity. The majority of the typical heath 
plants are included in the above list and it is doubtful whether the list will 
be enlarged much in the future especially as the pines are growing rapidly. 
At present (1925) the list is quite complete; in fact several of the above 
species cannot now be found in the Hollow. The wholesale destruction of 
Calhina bushes by the shade of the closely placed birches was a striking 
feature noticeable on felling. There are one or two deeper hollows where 
water lies during the winter; it is here that the damp-loving types are found. 
In a general way it may be considered that the Great Hollow probably 
represents a stage of colonisation which will not be reached on the other parts 
of the dry areas for some years to come and is in that connection of especial 
interest. 

(Ill) The Pine Phase. 

The above facts are particularly important in relation to the ‘'Pine phase” 
which one would naturally expect to follow the “Birch phase,” but in the 
Great Hollow the succession has been telescoped and the pines have appeared 
very early. In this area, in addition to the sheltered conditions in the Hollow, 
an important factor is the presence of a clump of unfelled 2:)ines just near. 
These have sown seed since 1917 and there are numerous young j^ines on the 
north slopes of the ridge around the clump. Also on the very crest young 
stunted fasciated pines are found, although there the conditions are not at 
all favourable for the establishment of Pinus, the soil being bare and stony. 
Elsewhere on the dry areas young pines are very infrequent; it is probable 
that the critical point is at the development of the first foliage leaves or 
perhaps even earlier. In the course of some experiments in which pine litter 
from the pine wood was placed on certain areas, a number of pine seeds 
germinated, but all the seedlings died away some time after the above- 
mentioned stage although at first they looked quite healthy. In most of the 
region in July, when Pinus germinates, the higher exposed ground is usually 
very dry and not favourable. Perhaps with the increase in the plant covering 
now taking place Piniis will find more advantageous conditions. The obser- 
vations given above, however, seem to show that the lack of seed supply is 
a very important and perhaps the deciding factor. 
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(IV) General Remarks. 

The scheme of colonisation on the drier parts of the felled areas may 
therefore be represented as follows, the double lines indicating the more 
important lines of development (see Fig. .*]). What follows Ef ilohium seems to 
be largely a matter of chance since apparently it is not capable of remaining 
indefinitely in a region, but rather depends on colonisation of new areas for 
its success. It is therefore replaced by various plants according to different 
circumstances. 


P/NEWOOB 

felling 


No CrTiOUND 
VeqeTATiON 


PrERfDfUM 

Soc/ETy 


I s^ CalLUNA 

1 ^ CoNSCfCIES ' 

t 

kEvILOBIUM 

CoNSOCIES 
CoNSOCiCS 

f 


PtNEWOOJy^ 


1 


Birch Heath 


r 


' ' ' y Efther Kaj» occurred, om is I’n 

— — ^ "Probable from observations elsewhere. 

Fid. 3. Scheme of colonisation of the dry areas. Double lines indicate the more important 
lines of succession both in this and in later diagrams. 


It is very interesting to note that young seedlings of Betula can establish 
themselves in Pteridietum of moderate thickness, a fact which had been 
suspected previously on the unfelled areas, but it is doubtful if colonisation 
of really luxuriant Pteridietum ever takes place. It is an important point 
that according to our observations the thickness of the bracken in a given 
place fluctuates, possibly due to the temporary accumulation of autotoxins 
and thus during the period of minimum thickness the birch may get established. 
Afterwards its very rapid growth enables it to compete with the Pteridium 
for light. 

Information as to some of the later stages of the above scheme is of course 
lacking, so we can only make suggestions as a result of observations on the 
original heathland and from other heaths. 

B. Damp Sekies. 

On the lower and wetter parts of the felled area the progress of recolonisa- 
tion is quite different from that already described, the dominant plants here 
being Molima, various species of Juncus (J. effums and J. conglomeratus in 
particular) and Betilla spp. Partly owing to the greater water-content leading 
to more favourable conditions generally, and partly to the presence of Molinm 
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in the original pinewood, the colonisation has proceeded more rapidly and 
would be at a much more advanced stage still were it not for the disastrous 
fires of 1921. 

In the lower regions the soil is in many respects different from that on the 
higher parts. In all cases there was still a considerable peat layer on the 
surface and although much of this has been removed by the fires yet in no 
place has the humus been entirely blown away as on the ridge. Again, owing 
to the greater initial and subsequent water contents the pine-humus has 
decayed more rapidly than on the drier areas, giving place to less acid peat 
layers of Molinia, etc., while surface scale is entirely unknown. The almost 
continuous moist condition of the surface layers also allows of more effective 
germination and establishment. All over the relatively unburnt regions — 
scarcely any of the lower part of the heath was entirely untouched by the 
1921 fires—there is now a peaty layer one or more inches (over 2%^ cm.) in 
thickness while in places where there were bogs in the original pinewood the 
peat is somewhat thicker. The drainage in large areas of the low-lying parts 
has, since 1920 at least, been very defective in spite of the numerous drains 
cut, there being many large pools of water which are more or less permanent 
throughout the winter. 

Another point of interest which is of importance in its bearing on the later 
stages in the succession is the fact that the damp areas are peripheral to the 
felled region and thus in close contact with unfelled woodland around. As a 
result of this many more disseminules fall on the damper parts than on the 
dry ones. The total result of all the factors mentioned above is the much more 
rapid colojiisation of the damp areas as already stated. 

(1 ) Primary Coinrmmities. 

There are no true pioneer communities on this part of the Common as the 
soil was already occupied by some sort of ground vegetation previous to 
felling. Molinia was present in a very stunted condition over most of the 
damper parts of the wood and on felling this rapidly sprouted anew, forming 
a coarse herbage in 1918. By 1920 the Molinia herbage had been transformed 
into a tall tussock grassland with innumerable inflorescences. 

Perhaps the most striking feature of the felled areas in early 1921 was the 
great stretches partially or wholly dominated by Molinia caendea. This is 
evident from the map (Fig. 1). It is useful to note that the boundary of the 
Molinia consocies marks the upper limit of the damp type communities in 
practically all parts, corresponding usually to a definite contour on the 
terrain. However, where there are broad transitional regions the delimitation 
of damp and dry series is difficult. Unfortunately the fires in 1921 interfered 
greatly with the course of colonisation. In many places a quite new succession 
has been initiated following these fires; this will be dealt with later. Over a 
great deal of the ground, however, the burning was not severe enough to 
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exterminate the dominants, which have recovered again: probably the 
succession here, although delayed several years, is in the main not much 
altered. 

The primary communities can be divided into several types which are on 
the whole related to the drainage; other factors also enter the arena in places 
and cause modifications. In this “water-content series,” passing from the 
driest to the wettest, one finds {a) Molinia consocies, (6) Molinia-J uncus 
ecotone, (c) J uncus associes. In addition to these are areas with Sphagnum 
sub-dominant on the site of old bogs in the pinewood and better considered 
as a relict community (d). 

Immediately below the dry series or transitional communities (see below) 
Molinia occurs, with some Calhma and Erica tetralixy and then gradually 
Juncus appears more and more abundantly, until at the lowest levels almost 
pure communities of Juncus occupy the ground. 

At an early stage in the development of these communities seedlings of 
Betula appeared, but it was some time before the birch phase was reached, in 
most areas. This topic will be dealt with later. Nevertheless isolated trees 
or small clumps were scattered throughout the dominant Molinia or Juncus, 

(a) Mount A consocies. 

In 1920-1922 this community covered large stretches in the centre of the 
lower parts of the Common, where the ground was most free from colonisation 
by the birch. Apart from the young trees the community was strikingly 
uniform in a])pearance, consisting of large tuvssocks growing close together 
and producing inflorescences up to 3 ft. fi in. (1 m.) high. Around the pine- 
stumps, where there was a thicker layer of organic material, there were often 
considerable bare spaces, but otherwise the vegetation was closed. The chief 
associates of the Molinia were Callima and Erica tetraUx, the latter being 
especially abundant locally, while Calhma was commoner nearer the upper 
edge of the community. Since 1920 these two species have increased greatly 
on the drier upper levels: this rather supports the suggestion made in Parti 
(11, p. 295) that pure Molinia communities are rarely found on such heaths, 
the mixed type of community being more frequent. It is probable, at any rate 
we know no example to the contrary, that permanent Molinieta do not exist 
on heaths in the low rainfall districts of England. Where the drainage is good 
the Molinia is replaced by other herbaceous or dwarf-shrub species, while on 
damper soils woodland is soon established. Molinia communities therefore 
only appear as a stage in succession after felling or perhaps burning. Juncus 
effusus is frequently found along lines of drainage and represents outliers of 
the wetter type communities. 

On the lower levels species of Juncus^ and damp-loving forms in general, 
are much commoner, although Molinia is still usually dominant. Water often 
lies about in pools during the winter, and soil analyses show that, allowing 
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for organic matter, the water-content is on the whole rather high even where 
spots are chosen away from large clumps of Juncus, In one place in this 
zone among almost pure Molinia the water-content two days after rain in 
March 1922 was 423 per cent, of the dry weight in the surface peat layer — 
this soil did not appear at all wet — and figures between 150 and 200 per cent, 
are not infrequent. In summer the area is drier, but the average water-content 
of the sub-peat layer is then about 25-30 per cent, of the dry weight. 

Subjoined is a general list of species for the Molinia consocies, made in 
June 1922, but it must be remembered that the fires of 1921 in all probability 
exterminated the rarer species. 


Yoking trees and shrubs. 


Beiula alba 

o.— f. 

Sorbiis aucuparia 

r. 

B. piibesccns 

f. — a. 

Rhododendron sp. 

v.r. 

Castanea saliva 

o. 

Rubus fruticosus agg. 

o. 

Ilex aquifoliurn 

v.r. 

iSalix cinerea 

0. 

Pinus silvestris 

o. 

Ulex eiiropaeus and seedlings 

r. — o. 

Populus alba 

r. 

Quercus robur 

o. — f. 


Dwarf shrubs 

and herbs. 


Agrostis alba 

o. 

E. tclralix 

f.— l.a. 

An t h oxan t bu n i od ora t u m 

o. 

Eriophoruin angiistifoliiim 

r. 

C/alliina vulgaris 

o. — l.a. 

Holcus lanatus 

r. — f. 

Uarex binervis 

o.-^ l.f. 

Hypochaeris radicata 

o. 

C. goodenowii 

0. 

.Juncus acutiflorus 

r. 

C. liirta 

r. 

tJ. bufonius 

o. 

(1 rnurieata 

r. 

.J. conglomeratus 

o. — f. 

C. pilulifera 

r. 

J. effusus 

r. — l.a. 

C. stollulata 

r. 

J. squarrosus 

o.— f. 

C. vulpina 

r. 

J. supinus 

0.— f. 

Cirsiuni arvense 

r. 

IjoIus uliginosus 

r. — o. 

Cuscuta opitbymum (on Calluna) 1. 

Luzula congesta 

o. 

Deschampsia Hexiiosa 

1'. 

L, multitiora 

0.— I.f. 

Drosera longifolia 

v.r. 

Molinia caeriilea 

d. 

Kleoeharis palustris 

r. 

Potentilla orecta 

0.— I.f. 

Bpilobiu m angustif ol ium 

r. 

Pteridium aquilinum 

o. 

E. hirsutum 

r. 

Polygon u m liydropijjcr 

r. 

E. monlanurn 

o. 

Kuniex acetosa 

1. 

E. palustro 

o. 

R. crispus 

r. 

E. letragonum 

().— f. 

Scirpus caespitosus 

r. 

Erica cinerea 

v.r. — r. 

Teucrium scorodonia 

r. 


It will be noticed that most of the above species are far from common; 
indeed they rarely affect the uniform appearance of the Molinia, 

With the phanerogams in the Molinia consocies grow a number of bryo- 
phytes, some of which may be considered as relict from the pinewood, while 
others have probably come in since felling. None of them is very common 
although some can usually be found under the Molinia, etc. 


Catharinoa undulata 
Ceratodon purpureas 
Dicranella hetoromalla 
Dicranum scoparium 
Hypnum cupressiforme 
var. ericetorum 
Lophocolea cuspidaia 


Loucobryuni glaucum 
Marchantia polyrnorpha 
Mnium homum 
Polytrichum commune 
P. juniperinum 
Webera nutans 
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Hy'pnum ericetorum probably survived from the pinewood in the shelter 
of Molinia: it will be remembered that it does not occur on the drier parts; 
it was probably killed after felling by exposure on the dry bare ground. 


(6) MoIANIA-J UNCUS ECOTONE. 

This occupies a belt of varying width between the drier Molinia and the 
wetter Jumus, the two plants being usually in equal quantities: J uncus 
effusus and J . conglonieratus are the two most important rushes. The com- 
munity is typically developed where the water content of the soil is relatively 
high but the drainage is fairly good, as along the larger drains. The associated 
flora is intermediate between that of the Molinia consocies and the J uncus 
associes, damp-loving species having higher frequencies than those given in 
the above list. There are also a few additional species, viz. Cirsium palustre, 
Hydrocotyle vulgaris, Viola falustris and Scutdlaria minor. 

The following is a list of the plants found in the Molinia-Jtmcus ecotone. 


Agrostis alba 

a. 

J. effusus 

f.— c.d. 

Aiithoxanthum odoratum 

(). 

JjotuR uliginosus 

f. 

Athyrium filix-foomina 

r. 

Luziila congesta 

o. 

(Jalluna vulgaris 

o. 

L. multirtora 

o. 

CJirsiurn paliistre 

f. 

Molinia caerulca 

a. c.d. 

Dacdylis glomerata 

r. 

Myosotis caespitosus 

1. 

Epilobium angustifolium 

r. 

Potentilla erecta 

f. 

E. paluBtrt^ 

o. 

Hanunculus ffamniula 

r. 

Erica tctralix 

f. 

K. re pens 

If. 

Hicraciu m uiubcl latum 

r. 

►Scabiosa succisa 

o. 

HoIcuh lanatuH 

f.— la. 

8erophularia acpuitica 

r. 

Hypcri(!U m pulchnim 

r. 

Scutellaria minor 

0.— If. 

Juncus conglomcratus 

f. — a. 

Viola palustris 

o. 


(c) J UNCUS 

ASSOCIES. 



J uncus was very rare in the wood before felling, being nearly restricted to 
the environs of Black Pond. Possibly the series of communities mentioned 
above represents different stages in the invasion of the Molinia consocies, 
which had a start in the race after felling, by species of Juncus, It seems pro- 
bable, however, that complete replacement of the Molinia will not take place 
at the higher levels, even if it does elsewhere. Burnt patches in this region 
have been filled in some places with numerous Juncus effusus seedlings during 
1923, showing that the conditions are not unfavourable for this species in the 
absence of competition. At the lower levels it would find even more congenial 
surroundings, and observations seem to show that here an actual increase in 
Juncus is in progress. 

In the lowest portions and especially where the drainage is rather im- 
perfect extensive areas dominated by Juncus occur. The most important 
species are Juncus effusus and J. conglorneratus, but in certain places J. acuti- 
jiorus is co-dominant or dominant, and J. supinus also occurs, while many 
marsh plants which are only rarely found in the Molinia consocies are common 
here. Throughout the winter the Juncus areas form an almost impassable 
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swamp, the standing water being often over a foot (30 cm.) deep, but in summer 
a great deal of this swampy region becomes quite dry. On the whole the 
J uncus associes is not so readily colonised by birches as the Molinia con- 
socies, probably owing to the unfavourable nidus for germination offered by 
the thick tussocks of crowded upright stems and leaves. Thus the Juncus 
regions at the present time (1925) are generally more open and free from 
scrub. 

The following plants occur in the Juncus associes: 


A^roatis alba 

o. — l.a. 

d. au])inu8 

o.-^f. 

Anthoxanthurn oduratum 

r. 

Lotus uliginosus 

o. 

(/alhina vulgaris 

v.r. 

Lu/.uia congosta 

o. 

('an^x HtelJulata 

I. 

L. mil Iti flora 

o. 

Deschampaia caoapitoaa 

r. 

Molinia cacrulca 

o.— f. 

Erica tetralix 

r. — o. 

Ranunculus flaminula 

o. 

Holcus lanatua 

u. — l.a. 

Scutellaria in in or 

o. 

Hydrocotyle vu Igaria 

o. 

Betula alba 

r. -o. 

d uncus acutifioruK 

r, -I.d. 

B. pubescens 

r.— l.f. 

J. conglorueratuH 

a. — c.d. 

Salix ciiK^rea 

o. 

J. clfuaiia 

a. — c.d. 

Boly trichum com mum; 

f.— l.a. 


{(1) SrUAGNUM HOGS. 

As mentioned above, there are several places on the felled area where 
Sphagnutii occurs in quantity, in places becoming sub-dominant. Associated 
with the bog moss may be either Molinia or J uncus spp. or more often a 
mixture of these. From information received it appears that the Sphagnum 
bogs are those which existed prior to felling, so one may perhaps consider 
that Juncus has outstripped Sphagnum in the invasion of new areas. The above 
remarks receive support from the fact that the only stations on the heath 
for Narlheciuni ossifragum are in the Sphagnum bogs. The Bog Asphodel is 
by no means restricted to such localities on other heaths, so one can only 
conclude that it has not yet spread into the more recently formed swamps. 
With Sphagnum is also found Aulacomniuni pa lustre, sometimes very 
abundantly. 


The full list of plants occurring in the Sphagnum bogs is as follows: 


Agrostia alba 

f. 

d uncus supinus 

o. 

Calluna vulgaiis 

o. 

Lotus uliginosus 

i\ 

Carex atollulata 

f. 

Luzula congesta 

o. 

('irsium palustrc 

r. 

\j. multiflora 

o. 

Erit;a tetralix 

o. -f. 

Molinia cacrulca 

a,— c.d. 

Hobuis lanatus 

o. 

N a r t-hoci u m oss i f rag u m 

1. 

llydrocotyle vulgaris 

f. — a.. 

I’otcntilla orecta 

o. -f. 

d uncus acutifiorus 

f. - a. 

iSirutollaria minor 

o. 

d. conglomeratus 

o. 

Typha latifolia? 

r. 

d. effusuB 

f.-c.d. 

Viola palustris 

o. 


Mosses. 


Aulacomniuni palustrc 

f. — a. 

Lcucobry um glaucu m 

o. 

Campylopua Uexuosus 

f. 

I \ )! y tri ch u m com mu i le 

f. — a. 

var. uliginosus 

r. 

P. juniperinum (on mounds) 

o. 

Hypmim fluitans 


We bora nutans 


var. faloatum 

o. 

var. longiseta (c.fr.) 

f. 

H. stramineum 

l.a. 
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Mosses {continued). 


Sphagnum aquatilc var. I'cmotum 

(floating ) r. 

S. auriculatum var. canovire8cen8(c.fr.) a. — l.s.d. 
S. compactum var, squarrosum r. 

var. 8emi8quarro8um I.f. 

S. cuspidatum var. plumosum (float- 
ing) r. 


S. cymbifoliiim var. glaucescens l.a. 

S. inundatum r. 

S. molluscum var, vulgatum (o.fr.) l.a. 

S. plumulosiim var. reraotura (floating) o. 
S. obesum (usually floating) l.a. 

S. recurvum var. majus l.s.d. 


Gymnocolea inflata 
f. laxa 

Cephalozia bicuspidata 
C. connivens 


Hematics. 

a. Calypogcia fissa 

r. C. trichomanis 

a. — l.s.d. Lepidozia setacea (c.fr.) 

o. Lojihozia ventricosa 


a. 


r. 

I.f. 

r. 


Lepidozia occurs in some of the bogs as fine threads binding Sphagnum 
stems closely together, and also sometimes in compact tufts on the ground. 
Two rather striking absentees are Leptoncyphus anomalus and OdontoHchisma 
sphagni which are usually characteristic of such bogs. 

Zonation of the bryophytes can be detected in the Sphagnum bogs, the 
Sphagna themselves showing it most distinctly. The following zones were 
distinguished by Mr Richards, Zone I being the highest and Zone IV the 
lowest. 

1. Sphagnum molluscum var. robusturn 
8. compactum var. squarrosum 

var. semisquarrosum. 

Tl. S. cymbifolium var. glaucescenH 
8. compactum var. subsquarrosum 
8. molluscum var. vulgatum 
8. recurvum var. majus 
8. auriculatum var. canovirescens. 

HI. 8. i)lumulo8um var. remotum 
8. recurvum var. majus 
8. auriculatum var. canovirescens 
8. inundatum 

IV. 8. obesum 

8. aquatilc var. remotum 
8. craasicladum var. intermedium 
8. plumulosum var. remotum. 


(e) Drains. 

Crossing the felled area there are a large number of drains which vary in 
size and water supply. Some have permanent streams of running water, 
others stagnant water in winter only, while yet others are moist in winter 
only and quite dry in summer. These drains are either shaded to various 
degrees by young birches or tall Molinia or are quite open. Their banks are 
always more or less sandy, but the floor of many is clayey. 

As the conditions in different ditches and in different parts of the same 
ditch are so varied, the flora also varies greatly in abundance and richness, 
but in most cases there is a thick carpet of mosses and hepatics on the banks ; 
in this are imbedded small phanerogamic plants. Lichens are almost entirely 
wanting. On the bottoms of the ditches species of Juncus are often abundant. 
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Of these the most characteristic is Juncus sufimis f . jluitans which is cither 
completely submerged or floats; with this is a floating form of Agrostis alba. 
The only true water plant is Polamogeton folygonifolitis, this being, however, 
restricted to the larger drains. 

The following examples from Mr Richards give an idea of the variation 
in the lower plants (Table I) : 

Drain 1 . On edge of wet birch-scrub. Banks very damp, sandy and deep 
with permanent stream. Shaded. 

Drain 2. In Molinia consocies north of North Ridge. Moist in summer, 
a little stagnant water in winter. Banks of peaty sand. Unshaded. 

Drain 3. In drier Molinia consocies. Dry in summer, moist in winter. 
Banks sandy, mostly shaded. 

Drain 4. In upper part of Molinia consocies, near middle of Common. 
Banks very dry, shaded by thick bramble bushes. 

Table I. 

On hankii 1 

Mosses: Sphagmiin cyinbifoUum var. glaucesccns r. 

S. compactuni var. aubH(|uarrosiini ~ - 

IS. recurviiin var. majus r. 

Poly trich uni (ionirnune — 

deratodon })urpureu8 

Dicraiiella lu^teromalla a. (e.fr.) 

Mnium honuini 

Hepatics: Pollia epiphylla o. 

Cephalozia bicuspidata a. 

Caiypogeia tiesa La. 

Lopidozia setacea 

Diplopbyllum albicans — 

Lichens: C'ladonia pyxidata — 

On jioor 

Sphagnum ob(58uin o. 

S. orassicladuni var. intcrmodiurn — 


3 4 


o, — 

— o. (e.fr.) 

— v.a. (e.fr.) o. 

o. — — 


v.a. a. — 

f. f. f. 

f. 

^ - f. 


o. 


In addition to the above the following have been found in ditches at 
Oxshott: Calyfogeia neesiana, C. trichomanis, Cephalozia lamtiiersiana (c. per.), 
C. connivenSf Lophozia excisa, Lophocolea ciispidata and DicraneUa, cerviculata 
(teste Mr W. R. Sherrin). Pellia epiphylla, Cephalozid bicuspidata and Dicra- 
nella heteronialla are the most characteristic species. 

These drains are very rapidly colonised by plants, as was shown in the 
case of one re-cut and widened early in 1922 on the south edge of the damp 
region. On April 29th there were already a few plants of Pellia. The ditch 
was again examined in February 1923, the following plants being found. 

At the top of the sides were DicraneUa heteronialla and Poly trichum 
commune. 

On the sides further down : 


Caiypogeia fissa a few stems 
Juncus supinus f. 

Pinus silvestria 1 seedling 

Potentilla erecta I plant 

Journ. of Ecology XIV 


DicraneUa heteronialla 
Pellia epiphylla 
A Sphagnum belonging to 
the subfiecundum group 


o. 

o. 

a few tufts 


15 
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On the bottom in running water was Jimms su/pmm Ljluiians (f~a). 

The bulbils of the latter — it is usually pseudo-viviparous — are swept along 
by drainage water; this may explain the rapid colonisation of the ditch. Of 
the hepatics Pellia and Ceq)h(ilozia fruit freely, this being an important factor 
in producing their wide distribution. In the drier drains Pellia is uncommon; 
here Dicranella and Cephalozia are co-dorninant. 

A further examination in March 1924 showed that colonisation had been 
still more rapid since the previous year. The banks in many places bore 
large patches of mosses and hepatics, Dicranella heteronialla, Calypogeia 
trichomaniH and Cephalozia bicuspidata being the chief species in the upper 
portions, while Pellia often occurred in a line just above average water level. 
In one section of the ditch Diplophyllum albicans was cpiite dominant. In the 
ditch itself were many plants of J uncus supinus i. fluilans and also scattered 
individuals of J . effustis, the former also growing up the sides in places. Erica 
tefrahx was the commonest of the other phanerogams, seedlings and young 
plants being present all along the sides, mainly near the top. Other plants 
found were as follows : 

Bleohnurn 8])icant 1 plant Polytrichuin commune Hpreading from top 

Oalluna vulgilriB (sc(ulling8) o. Hypnum (aij^rosBiforme 

Pinus silvcstris (near top) r. var. eriecturum a few stems 

i*ot(‘ntilla ereeta o. Anlacomnium paliistre 1 tuft 

Jtubus sp. (trailing) Funaria hygrometriea 1 tuft on a twig 

Sphagnum cynil)ifolium group o. 

In 1925, although no detailed survey was made it was noticed that the 
sides were completely covered with mosses and hepatics while large tufts of 
Juncus half choked the bottom of the ditch. Other plants not noticed before 
were Betula (seedlings), Molinia (not common but s])reading from top) and 
Agrostis vulgaris. It can be seen that the higher plants are the species occurring 
in the surrounding Molinia consocies and birch scrub. In this part of the 
ditch phanerogams were not so common as in the more o[)en parts. 

(/) Black Pond. 

This can scarcely be termed a part of the felled area, but it seems advisable 
to describe it here for three reasons: (1) it has been influenced by the felling 
of the pinewood around; (2) it forms the lowest member in the series of 
communities from dry to wet conditions; (3) it acts as a. centre for the survival 
of aquatic forms, which can invade any temporary pools formed in the felled 
area in the vicinity. 

Black Pond (see map, 11 , p. 289) is a large pool at the western end of the 
valley in the felled area. A fringe of trees was left around the pond until 
1921 when those on the southern side were felled, those on the north and 
west being untouched. The eastern end tapers to the inlet where it connects 
with the main drainage of the valley. On the western side is an embankment 
designed to hold back the water and although it has been broken in several 



V. S. SlJMMEHHAYKS AND P. H. WILLIAM8 


227 


places the level of the water inside is still higher than the low ground outside. 
Much of the pond has dried up as a result of these breaks and is now occupied 
by a marsh which is inundated in wet weather only. 

At the inflow end there is a large area of marshy ground dominated by 
Jujicus effusus with J. acutiflonis forming an almost pure community in the 
northern part. This is probably the focus from which the J uncus invasion 
mentioned above is taking place. The main N. and S. path crosses the inflow 
by a bridge which tends to hold up the water. By the inflow stream west of 
this bridge J uncus effusus is again dominant: on cither side of it is a zone of 
Eleocharis palustris, Eriophojiim angustifolmni and Agrostis alba co-dominant, 
these grading into the MoUnia consocies on drier ground; willows (/SV/iw; 
cinerea and S. fragilis) occur among the rushes. To the north of the pond 
the ground rises rapidly, so that on this side the zonation is sharp and some 
of the zones are lacking. At the western end is a large irregularly shaped 
sheet of open water, but most of the pond is filled with a tall reed-swamp of 
Fhragtuiies vulgaris which grows either in the water itself or on ground which 
is dry during the summer. On the north Phragmiles comes right up to the 
bank: on the south it was burnt away by the 1921 fires and replaced tem- 
porarily by Eriophorum anguslifoUum, In 1925 the PhraguvUes had partially 
recovered in this region, there being scattered haulms about 2 3 ft. ((>() 90 cm.) 
in height. Here, as well as in the drier parts of the reed swamp, many young 
trees of Betula are growing and the whole will ultimately pass into woodland. 
A transect across the [)ond in 1921 gave the following zonation (Fig. 4). 
Reed Bwanvp. Near the open water in the centre this is almost pure Phrag- 
nviies- Typha latifolia occur in one place on the western side — but where the 
ground is relatively drier there are a number of other plants growing among 


stems of the reed. They are: 




lletula alba 0 . 

l.a. 

1 1 y pochaeriB radicata 

r. 

B. {)ubes< cns 0 . 

l.a. 

J u non s ae u till 0 ru a 

0 . 

Eleocharis pal ustris 

0 . 

J. effusus 

0 . 

Epi lobi u m angu at if oli 11 n i 

r. 

J. supinus 

f. 

Eriophorum arigustifolium f. 

— a. 

Moliriia (’.aerulca 

0 . 

Hydrocotyh^ vulgaris 

f. 

Viola palustiis 

r. 

Hypericum elodcs 

r. 




Some of these are obviously invaders from the dry areas around. In the 
water itself where it comes to the bank is Seirpus Jluilans. 

ITie following Sphagna grow in the reed swamp, usually in the wetter 
parts, especially wdiere the ground rarely dries out. 

Sphagnum plumulosuni var. remot^im l.a. (in water u}> to e. 10 cm. deep) 

S. cuHpidatum var. plumuloainn l.a. (water from c. o 30 cm. deej)) 

S. obciHum a. (water from c. 2r)-:i0 cm. deep) 

S. franconiae (probably only a form of S. ol)eHum) a. (water from c. 25 100 cm. deej)) 

The last named grows abundantly in the reed swamp and as large 
floating masses in the open water beyond, as well as more sparingly in 
some of the neighbouring ditches. S. recurvum forms large beds almost 

15--2 
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entirely at the eastern end of the pond. 8. cuspidatum var. plummum grows 
characteristically in small scattered groups in shallow water, especially in small 
pools separated from the main pond in summer. None of the Sphagna of the 
upper zone of the damp series occurs around Black Pond. 

The following Bryophytes occur in the area with much Eriophorum on the 
south side of the pond or elsewhere. 

Aulaconmium palustre f. Sphagnum serratiim (Mr W. R. Sherrin) 

Cephalozia bicuspidata f. S. amblyphyllum o. 

Hypmiin fluitans var. falcatum f. S. rccurvuni var. majus l.a. 

Sphagnum papillosum var. normale 
(comm. Mr W. R. Sherrin) 



Fio. 4. Diagram of bolt transect across Black Pond from N. to S. to show zonation of com- 
munities. 1. Malinia-J uncus ecotone. 2. Eriophorum and A(}rof<tis alba. 3. Eriophorum 
and Phra^mites. 4. Reed swamp of Phragmites. 5. Agrostis alba. 0. MoUnia consocies. 


It is obvious from the ordnance maps that this silting uj) of the pond and 
invasion by reed swamp, etc., has been in progress for many years. Even in 
1912 there was very little open water, but it is probable that the reed swamp 
was in much deeper water then. In any case the felling of the surrounding 
wood has accelerated the process by increasing evaporation while the blocking 
of the drainage in the valley farther up has reduced the amount of water 
inflowing. 

(II) The Birch Phase. 

Since we first visited the district in 1920 active colonisation by Betnla 
has been taking place so that now there are all gradations between close 
birch-scrub with undergrowth of Molinia, etc., and open MoUnia with few 
birches. 

Where the Molinia consocies is in close contact with plantations containing 
birches, or near mature birches left after felling, the area is rapidly being 
converted into birch scrub. On the east of the Common is a large circular 
felled region, termed by us the “Inner Circle” (see map, 11 , p. 289). When we 
first visited this in 1920 it consisted of typical Molinia consocies with a 
number of small birches about 18 in. (45 cm.) high. At the upper (southern) 
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margin was a zone of almost bare ground with scattered and even smaller 
birches. In 1923 the lower part was still predominantly Molinia, but the 
birches there were from 4 5 ft. (1*2 1*5 m.) in height while the upper portion, 
including the originally bare zone, had been converted into a thick birch 
scrub nearly 7 ft. (2-1 m.) in height. In the upper portion were also numerous 
pine seedlings of various sizes. There have been several superficial fires in 
the region during this period but except in the south-west corner they have 
had little effect on the colonisation. This region is surrounded by mature 
birches and pines on most sides and this explains the rapid invasion. In 1925 
.the conditions were much the same but the scrub in the southern half was very 
tall and thick while there were quite tall pines (up to 6 ft. ^ 1 *8 m.) among 
the birches. 

In other regions the birch scrub was even better developed, but unfor- 
tunately most of it was destroyed by fire in 1921. Nevertheless the birch has 
made a wonderful recovery in these regions and the scrub is almost as thick 
as previously. As will be seen from the map, the most prominent belt of scrub 
occurs around the |)eriphery of the felled area and then gradually thins out 
towards the centre. 

In certain damper parts of the pinewood prior to felling there were a 
number of small Casianea, Birch and other trees under the pines. Wlien the 
latter were felled the Castanea, etc., grew well, forming a scattered scrub in 
these parts of the developing Molinia consocies. It is probable that this 
Castanea zone, which occurs typically on the southern edge of the felled areas 
(see map) represents the distance to which Castanea had invaded the pinewood 
from the great plantation adjacent. It was shown previously ( 11 , p. 298) 
that Castanea is able to establish itself under Pinas- germinating seeds and 
young plants have been found and it is almost certain that it was not 
planted here since the pinewood was subspontaneous, although in the woods 
around planting was carried out. Many of the chestnut trees were badly 
damaged or killed during the fires so that this zone is not now so prominent, 
but the taller isolated trees still stand out amidst the more recent thick 
birch scrub. 

As the trees grow up the ground vegetation becomes gradually suppressed, 
so much so that the ground is often almost bare under the young trees. 
Calluna is usually the first victim, while Molinia, J uncus and Erica tetralix 
persist longer, but even they become etiolated and do not flower. Betula casts 
a deeper shade than is usually ascribed to it in books, particularly in the 
young stages when the lower branches grow horizontally only a few inches 
above the ground. Later on, as the trees grow up, their growth becomes more 
open and a certain amount of recolonisation takes place, but in thick birch 
scrub Calluna and Erica tetralix never regain their lost positions. 

In the damp regions Betula fube^CAtn^s becomes co-dominant with B, alba 
or even outnumbers it, especially in the wetter places. Very few new plants 
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8eem to be associated with the development of the birch scrub. Young trees 
of CaManea, Queraus robur, Q, cerris, Sorbus ancujparia, Fagus silvatiea, 
Primus avium and Pinus silvcstris are dotted about, but in general the 
ground vegetation is simply an impoverished and stunted Molinia or JuncAis 
associes. 

In a few places the felling was not complete, sometimes owing to the 
relatively high proportion of deciduous trees originally present. In these 
regions conditions are rather different from those in the completely felled 
areas as seeds of these species are available in large quantities. A number of 
mature trees of Betula, Quermis, Casianm, Fagus, etc., were left scattered 
about and within this region a scrub has rapidly formed. Young trees of 
Quereus and Betula predominate, but other species occur. The ground vegeta- 
tion is a mixture of Pteridium, Molinm and Rubus growing together in inex- 
tricable confusion and obviously in active competition — probably all survivors 
from the original wood. This scrub will in time be converted into Mixed Wood 
of the usual type, and possibly illustrates a further stage in the march of 
colonisation, the younger stages of which occur on other parts of the felled 
region. Few pines have yet appeared here. 

(Ill) The Pine Phase. 

Indications of a future development of this are much more evident on the 
wet areas than on the dry ones. Young pines occur abundantly among the 
Molinia and in the birch scrub, especially in regions abutting on the unfelled 
pinewood or on plantations containing pines, and there seems no doubt that 
another pine colonisation is in the first stages of development. At present, 
with the exception of several small clumps of pines from of)enings in the 
original wood and not felled with the other trees, none of the trees is over 
10 ft. (3 m.) in height, and few exceed 5 ft. 0 in. (1*65 m.), representing trees 
eight years of age which appeared the year after the felling. Other trees of 
all sizes from 3 in. (7*5 cm.) upwards occur, and are in most cases thriving 
except where they are slightly etiolated owing to shading by the birches, or 
in the very wettest places. Pinus apparently does not succeed in soil in which 
the saturation point is maintained for any length of time, such conditions 
resulting, in the case of the larger plants, in an extraordinarily slow rate of 
growth, and in the seedlings dying at about two or three years of age. 

Unfortunately Pinus, owing to its resinous tissues, suffered more severely 
than almost any other plant in the fires, otherwise it would be much com- 
moner than it is. Since the crop which germinated from seed left after felling 
was mainly killed by fire, it is now left to wind to carry seeds into the interior 
of the felled area, and apparently wind, in spite of R. Smith’s observations 
( 10 ), is not a particularly effective agent of dispersal in the case of Pinus. 
At any rate the number of seeds carried more than 100 to 150 yds. (90-135 m.) 
from maturt' trees is not sufficient in view of the activity of agents destroying 
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the seeds and seedlings after dispersal. In the course of some sowings in situ 
carried on in 1925 something of the effect of these destructive agents was seen. 
A detailed map of the pine seedlings on part of the damp areas was made 
early in 1925, and it was surprising how few young plants (under 5 years) 
there were outside a radius of 130 yds. (117 m.) from the edge of the unfelled 
wood or from other mature trees. There seems no doubt however that, given 
a reasonable freedom from fires, especially during the next few years — larger 
trees are not so susceptible as younger ones — will gradually recolonise 
the wet areas and reconvert them to pine wood. 

(IV) General Remarks. 

The succession on the damp areas may be expressed in the following 
scheme (Fig. 5). 

“PiNEWOOD 

Bel'ore felling After felling 


Usually u)ir^ 


Blunted. MOLlr^m P 


~Boq SociE.Tl£st 



Molin/A 

CoNSOClES 

MoLtNtA^JuNCVS^ 
Fco~roNE 
4, 

JuNCUS- 


Associes 


^ Boq 


1 


Mixeb Woox> 

( locaLlly) 


^JSCRUB^ 


1 




WOO'D 


^ haS OCCu-T-rcd. Or in /br-ogrtSb 

TVob.*.bIe jrom observations ^ seeTixt) 

Fi<;. I). Sohf*in(‘ of coloni.sation of the (lamp renrions. 


Ill all probability the J uncus and Sphagnum communities will not become 
colonised very quickly unless the drainage is improved. Belula can tolerate 
very great extremes of water content in the seedling stage, but the conditions 
among Juneus and Sphagnum, with a thick layer of rotting saturated litter 
on the ground are not favourable for germination. This was well seen in an 
area adjacent to a well-developed birch wood on the east side of the Common. 
Although seedlings by the hundred occurred among Molinia and mixed 
Molinid and Juneus, yet in an almost pure zone of Juneus ejjusus nearer the 
wood hardly a seedling was to be seen. As mentioned above, Pinus is practically 
never successful in such localities. 


C. Transitional Regions. 

In several places the sharp line between the wet and dry series communities 
is not present. This is due to the gradual slope from the higher to the lower 
ground resulting in a wide transitional zone, in which the dominants of the 
two adjacent types are in active competition. It has already been mentioned 
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of killed and damaged Molinia alternated frequently, the burning often being 
worst around the pine stumps. The Castanea trees were very badly damaged, 
many of them failing to sprout until 1923, while some quite large trees were 
completely killed. The birches were severely injured, being exterminated in 
many places and extensive tracts of birch scrub were entirely consumed. 
A thick layer of charred materials was left everywhere. The very wet Juncus 
communities suffered less, but even they were sometimes killed, while the 
Phragniites in Black Pond was half burnt over. As others have noted ( 6 , 
p. 118), the courses of fires are very capricious, and no doubt some areas were 
burnt several times while others were either missed altogether or were burnt 
very slightly. 

A. Dry Regions. 

In dry regions the recovery, except in one particular, has been very slow. 

1922 . In April numerous seedlings of Efilobium angustifoliiini were seen 
in depressions on the ridge; these grew up and flowered in the same year. 
In some places the birches sprouted, but generally they were entirely killed. 
Pteridium sent up a few scattered fronds of small size in many i)laces, and 
was perhaps on the whole less affected than any other plant. Some of it 
however was completely killed and has shown no sign of life since. Digging 
in this area revealed dead, decaying rhizomes — probably killed by the heat. 
In addition to removing the peat layer the fire had so hardened the sand 
beneath that locally it was almost like rock, this being very inhospitable 
ground for germinating seeds. On terrain of this type Hormidium JlaccAdmn 
was found in a thin macroscopic green layer. 

1923 . Little change had taken place in some of the burnt regions but in 
others the birches had sprouted quite successfully and seemed to have re- 
covered completely, while Pteridium was growing much as before the fire. 
Epilobkini had spread very considerably, covering large areas. On the 
northern slope of the ridge Funaria was growing well in extensive patches, 
but had not fruited : it is interesting to note that the same stage was reached 
on the damp areas in 1922. Erg am argenteuni was also seen in a few places 
and fruited in October. Hieraciwn pilosella and Rumex acetosella were noticed 
here and there, but the latter was not so common in the dry regions here as 
on other heaths. Seedlings of Senecio silvaticus appeared late in the year. 

In one place at the base of the dry area all the burnt plants of Vlex nanus 
had sprouted from the stools, while the other members of the original Calluna 
consocies here had been killed. Ulex was therefore dominant, which it other- 
wise never is ( 5 ). The exposed bushes were nibbled into cushions by rabbits, 
while the plants in the shelter of small birches were large and flowered 
profusely. 

1924 . This year Ceratodon purjmreus appeared in quantity for the first 
time on the dry areas, replacing Funaria in many parts; in others, however, 
Funaria was still the dominant moss. Epilobium angustifoliurn also continued 




Fh;. I. l.)i y area. Birch as ilie prime coloniser on burnt [jround. Epilobium aih^usti folium can 
be seen in the middle distance. Soil between plants perfectly bare. Oct. 1925 (see p. 235). 



Fio. 2. Damp area. Burnt patch in Molinia consocies with carpet of Polytrichum 
and many young bushes. Oct. 1925 (see p. 239). 
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its spread and formed in some parts thickets some 3 or 4 ft. (90 120 cm.) in 
height. Later on in the year many seedlings of Calluna and Betula grew up 
under the shade of the willow herb. Birch and heather seedlings also appeared 
in the barer burnt patches, while locally Seneeio silvaiic/m was abundant, 
flowering profusely. Other plants found included Sonchus olemcetis and 
Taraxamm officinale (both common weeds of non-acid soils around), their 
growth being no doubt favoured by the less acid soil reaction. 

In several places, however, the development was not so far advanced. 
On the north slope of the ridge there were in November extensive carpets of 
Cemiodon jmrpureus mixed with Polytrichum for/nosiim, in which birch 
seedlings were decidedly rare, while Epilohi/mn was present only as scattered 
clumps. The advent of the Poli/lrichy^^ marked a further stage in the reversion 
to the original acid substratum. 

On the regions in which the surface had been burnt quite hard an interesting 
extra phase had been interpolated, and here was seen almost the only example 
on the Common of a cryptogarnic phase being necessary before the higher 
plants could colonise the ground. Darker patches of this hard surface were 
found on investigation to be damper than the normal owing to the presence 
of a thin film of mucilaginous soil algae. On tliese patches there appeared 
afterwards (Jeratodon and Polytrichum, but in 1924 very few higlier plants 
arrived. The mosses were not seen on the ordinary baked surface. 

1925. No marked change had taken place up to September of this year. 
EpilohiuiH was maintaining itself on most of the areas, although it had 
certainly decreased in luxuriance. Polytruhuw had replaced Ceraiodon in 
many places, and many young plants of Betula (Plate 111, fig. 1) and Calluna 
had established themselves. Pleridium cornmericed to recolonise the burnt 
areas around the remnants left by the fire. 

General Remarks, It may be seen that on the drier burnt regions the re- 
establishment of the original vegetation has commenced, but has not yet 
progressed far, while temporary communities still hold the field in most places. 

B. Wet Hegions, 

1921. Where the Molinia was only moderately burnt it recovered quickly, 
a short thick turf being produced by the autumn after the fire, but no flowers. 
Seedlings of Epilohinm and Seneeio silvaticus appeared on the quite bare 
patches. 

1922. The Molinia sprouted, producing inflorescences about a foot 
(30 cm.) high. Betula and Que/rcus also sprouted everywhere while a few 
plants of Castanea showed signs of life. 

Meanwhile on the perfectly bare areas a rapid colonisation set in. Many 
seedlings of JS'pitoiram appeared and those both of this species and of Seneeio 
from the previous year flowered. This rapid appearance and spread of Epilo- 
bium and Seneeio was no doubt due to the increased nitrification in the soil 
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following burning (see pp. 210 and 213). At the same time the ground became 
green with moss protonema, mainly of Funaria hygrometrica which developed 
and in a few places fruited ; by July some of the previously bare patches were 
completely covered with this moss. Kessler ( 9 , p. 369) has shown that the 
spores of Fnmwia will only germinate in an alkaline medium; this is provided 
for them by the salts in the ash left after the burning of the humus and litter. 
Ceratodon jmrjmreMS was also present but in very small amount. Annual 
plants such as Rumex acelosella appeared in great numbers, while many 
plants of Descdinni'psia flextios had arrived in parts of the burnt Molinietum. 

In July in the drier parts of the Molinia consocies numerous seedlings of 
CaUuna appeared, while in one or two districts a large number of seedlings 
of Digitalis purpurea sprang up. The origin of these is a mystery, as there 
were none flowering on the heath, but they probably came from a garden 
since in 1923 some had white flowers: the nearest garden was however a long 
way off. Other phanerogams which were observed on the burnt patches in 
1922 were Cerasiimn vidyalmn, Epilohium montafiuni, E. roseiim, E, tetra- 
gomm, Erigeron canadense, Hieracium piloseMa, Holcus lanatus, Hypochaeris 
radicata, Rumex acetosella, Sagina stibulaia, Senexio silvaticus, S, vulgaris, 
Sonchus oleraeeus, SieUaria media, Taraxncum qfficmale, Trifolnim duhium and 
1\ repens, most of which are common weeds with excellent means of seed dispersal. 

At the edges of the completely burnt patches there was a slight slope, 
and liere a number of sporelings of Pteridium aj)peared. Apparently the 
conditions of moisture, etc., due to the hygroscopic nature of the layer of 
charred organic material present were suitable for the production of prothalli. 
Polylriehmi commune and Pf uniperinum arrived after Funaria especially in 
the wetter parts of the burnt patches, while Marcdiantia appeared locally in 
large quantities. 

Taken as a whole, it may be said that apart from Epilohium the main 
development was by lower plants, mosses being most prominent. Owing to 
the greater moisture these get established much more quickly than on the 
usual dry type of heath. The first of the series of quadrat charts (Fig. 6) gives 
an idea of the condition of a typical completely burnt area in 1922, the 
scattered Epilohium plants being about 2 ft. (60 cm.) high. 

1923 . The mosses spread more, a great deal of the original burnt out 
ground in February being converted into green carpets of Funaria and Poly- 
trichum, the former fruiting everywhere; Bryum argenteurn was only common 
locally. Polyirichum piliferum appeared and Ceratodon purpureus fruited in 
many places. Later on in the year this moss became much more prominent 
and had apparently replaced Funaria in many places. This phase usually 
occurs after burning, when most, but not all, of the salts from the wood-ash 
have been washed out of the soil. C. purpureus is a moss noted for its extra- 
ordinary range of habitat and indifference to soil constitution; for instance, 
it grows well on both chalky soil and peat, though perhaps it has a preference 
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Fid. 8. 11)24. 


Fid. 9. 192.'). 


These are eharts of the same quadrat made in the years 1922-25. The quadrat is 1 square metre in area. The: 
symbols, etc. are used in all the charts. Single letters represent seedlings or small shoots; the circles or other 
indicate the areas of the larger plants, the number of shoots being given in some cases; the lieights of certain plants 
given. 

/!., >S(yrhus aucuparia. B., Bctula si)p, (■., Calluna vulgaris. K., Epilobium angustifolivrn. J., J uncus conghmK 
M., Molinia caeruha. R. Epilobium rosr.um. S., Salix cincrm. Sq., J uncus squarrnsus. zz : zz zz: Marchaniia fudyrm 
1 1 j Funaria hygrometrica. + .f -f + Ccrntorlon purpureus. \ \ \ \ \ \ Polyfrichum spp. (mostly P. j wnipmmnn a!id P.foruu 

Tig. 6. The Epilobium here was about (>0 cm. high. 

Tig. 7. A tliick growth of Epilobium approx. 1 m. higli filled the quadrat although tlie stems seem scattered in the 

Tig. 8. Epilobium almost as tall but much thinner. 

Tig. 9. Tallest Epilobium shoot inside quadrat =58 cm. B^ 7 shoots, highest 34 cm., B,^ 30 cm., B,^ 23 cm., 24 
^ 5 16 cm., B^ 22 cm., .fi, 3 shoots, 10 cm., B^ 21 cm., Bg 2 shoots, 16 cm. Arrows indicate prostrate branches, fi =flowe 
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for neutral and acid soils. As it is such an abundant species and fruits so 
readily, its spores must always be present in the atmosphere in a district like 
Surrey, and as the soil becomes less suitable for Funaria it becomes more so 
for Cmilodon, Mardiantia also continued its spread. In the burnt areas in 
both years many fruit bodies of Laccaria laecMa were seen, together with 
other rarer species. 

The most striking development however was that of the phanerogams. 
On the partially burnt areas Molinia grew to its normal size and, in the 
damper areas particularly, produced inflorescences up to 3 ft. 6 in. (1 m.) in 
height. Betula also grew very well and seemed to have recovered completely, 
while a large number of Cadanea trees which had shown no life in 1922 
sprouted at the bases of the trunks. 

On the burnt patches was easily dominant, filling the drier 

})]aces with a close vegetation 3-4 ft. (c. I m.) high, while later in the year 
the air was a mass of flying seeds which became entangled in everything. 
Many seedlings of Bet} da on the drier parts, and of M()linia and J uncus 
effusiis on the damper, grew up during the year, while in some of the wetter 
regions IJolcus lanatus was extremely abundant. Seedlings of many other 
plants also appeared, such as Erica tetralix^ Calluna, Deschampsui jlexuosa, 
Jimcus squarrosus and J. siqririus, these being members of the regular heath 
flora. The annuals and biennials, including various weeds, Scnecio silvaticus, 
Rumex acetosella and DigiUd/is also increased in amount. Aira jmiecox and 
Senecio jacobaca were fresh arrivals in 1923. 

Fig. 7 shows the same quadrat one year later (1923). The dominance of 
Epihhium is apparent, the willow-herb in this patch forming a thick stand 
over 3 ft. (c. 1 m.) high. The arrival of seedlings of Betula^ Molinia and 
Call ana is evident. 

1924 . In this year the inauguration of two fresh ]>hases in the succession 
could be seen. In the first place Epilohinm angushfolm^ which was quite 
dominant in many burnt patches in 1923, began to lose ground. Most of the 
plants were decidedly less luxuriant and showed a xerophilous structure 
normally associated with later phases in a burn succession. Other work done 
by us on Epilobium shows that this can be definitely related to the decrease 
in available nitrates. 

In addition a great number of seedlings of Mollum and Betula could be 
found everywhere growing beneath the Epilobium and forming the vanguard 
of tlie next phases. At the same time Polyfrichum spp., mainly P. commune 
and P. junipermum, appeared in large quantity, Ceratodon being less con- 
spicuous though still plentiful, while Funaria was banished to drier knolls 
where the succession was not so far advanced. Polytricha always become 
abundant when the last traces of the soluble salts in the ground have dis- 
appeared and the soil reverts to its former acid condition. 

In the very wet parts J uncus effusus and J. conglomeratus had entirely 
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filled the burnt patches with a thick growth of young plants, while several of 
those which had appeared in 1923 produced small inflorescences. In one area, 
where the completely burnt region was more continuous than usual, J. effusus 
now formed an almost pure stand where formerly Molinia had predominated. 
The other members of the normal Molinia consocies also increased, some of 
them being very abundant locally. 

An interesting feature in 1924 was the appearance on the damper burnt 
patches, especially those on which Poj(y//ncAy/7M cotnmune was dominant, of 
numerous seedlings of Pirms silveMris, Some of these no doubt grew up in 
1923, but they were first noticeable in the following year, being then from 
3 to 9 in. (8 23 cm.) in height. Many however seemed to be rather unhealthy, 
and probably will not survive, at any rate not in the wettest jflaces. 

Fig. 8 shows the state of colonisation of the same quadrat in 1924. The 
decrease of Epilobiuoi and the increase in the other ])lants is very striking, 
also the almost com|)lete dominance of Polytrichuin spp. 

PdirTi^Jl y J3urrtt 



— .. ^ £i^herf^ai> occvi.Tf€<i. or p’'OgT’e 5 J 5 

— — I><Jub^fuU or auide rice 

Ers. U). Schenic of socoiidary siiccesHions foJIowiiii; biirniiig on the damp regions. 


1925 . 'Phe changes noted in 1924 were carried fartlier this year. E pilobiinn, 
had almost entirely disappeared from many burnt i)atches, wliile many low 
thickets of young birches up to 18 in. (4.9 cm.) in height had grown u]), these 
being very prominent in tile less wet regions (Plate III, fig. 2). Polytridium 
®PP- (^- formo.mm and P. jitniperinuni) were almost entirely dominant in 
these places. On the wetter parts P. commune was the chief moss, usually 
associated with Juncus sp)). Birches were abundant here also, although 
perhaps not in such large numbers as on the drier patches. Molinia had also 
increased greatly while Callmui was common locally. The fourth quadrat 
chart (Fig. 9) shows the state of a typical burnt region in 1925 and illustrates 
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some of the above points. It can be seen from the foregoing that the species 
of the typical wet soil community are quickly asserting themselves and that 
colonisation is extremely rapid. The sequence of colonisation on the damper 
burnt areas so far as it is known is represented schematically in Fig. 10. 

In many places, owing to the rapid growth of birches on the burnt patches, 
the Molinia phase will become telescoped, the other communities passing 
direct into birch scrub. Where, however, the burns are away from the mature 
birches the Molinia consocies is re-establishing itself quite successfully. The 
initiation of the pine phase is also evident, though it will be some time before 
the pines will be of any importance on the burnt patches. 


3. COMMUNITIES OF SPECIAL HABITATS 


Under this heading we class communities which cannot be brought into 
a general scheme elsewhere. 

(a) Ruderal Communities, There are places where the direct influence of 
man has greatly modified the vegetation and often made it possible for species 
alien to heath conditions to flourish. The track along the north end of the 
Common has been reinforced with clinker and earth and as a result a number 
of weeds and other plants are to be found there. Some of these have spread 
in places into the felled area adjacent and are there competing with the heath 
flora. In other places similar plants are found by smaller paths. In 1922 the 
following “weeds” occurred: 


Arctium lappa 

(Jirsium arvensc f. 

O. lanoeolatum f. 

Hordeum murinum 

Lotus corniculatus 
I^otentilla roptans 
Plantago lancoolata 

P. major 

Polygonum aviculare 
P. hydropiper f. 

Prunella vulgaris 


llanunculus repeiis 

liumex orispuB f, 

SoiKihuB oleraceus 

Stellaria media 

Taraxacum officinale 

Trifolium ropens 

TuBsilago farfara 

Urtica dioica 

V eronioa h(^ i py 1 1 if ol ia 

Vicia sativa 


Polygonum hydrojnper is typically found by paths in many places; its 
presence is probably correlated with the increased water-content due to 
trampling of the ground; the seeds may also perhaps be distributed in the 
mud on boots. Some of the above species, e.g. arvense and Rumex 

crispus, are always found in waste places on the heath. There are also several 
rubbish heaps on the felled areas, especially a large one in the Great Hollow. 
On these were found various weeds and other plants. The following which 
have appeared in the Great Hollow at various times give an idea of the flora 
of these heaps: 


Atriplex pa tula 
CJapsclla bursa- 2 )astoriH 
Ocrastium vulgatum 
Chonopodium album 
Corylus avellana (young) 
Digitalis pur})urea 
Erigeroii canadcnse 
Mahonia aquifolium 


Polygonum pcrsicaria 
Populus alba (young) 
Scnecio silvaticus 
ISonchus oleraceus 
Taraxacum officinale 
Teucrium scorodonia 
Veronica arvensis 
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An interesting addition was E'pilobium angiistifolium which by 1924 had 
completely overrun the above-mentioned large heap, this again being an 
example of its preference for spots rich in available nitrogen. 

A rather exceptional habitat is the large heap of sawdust (50 yds. = 45 m. 
long and several feet thick in the middle) in the north-west corner of the 
heath: other heaps occur elsewhere. This sawdust is apparently a very 
inhospitable substratum for plants, since - even in October 1923 practically 
nothing but a few small birches could be found on it. At the edges Molinia 
was trying to push through, but looked rather unhealthy. By October 1925 
only a few seedlings of Erica ietralix had been added. That the sawdust 
becomes a suitable habitat later on is shown by the fact that a small mound 
(6 ft. X 4 ft. and over a foot deep) in another place had Cirsium arvense, 
Anagallis arve7ifiis, Solanuni nigrum and Cerastium milgatum growing on it — 
a typical weed flora. Hesselman (8, resume, p. c) states that sawdust on partial 
decomposition nitrifies actively and that nitratophilous plants then occur on it. 
The wood of Finns, owing to the large amount of resin present, seems much 
more resistant to micro-organisms than other woods, and this accounts for 
the slow rate of decomposition of the Oxshott sawdust. In November 1923 
on one sawdust heap the fungus Tremdlodon gelalinosum was abundant. 

{h) Pine Stumj)s. The stumps of the felled trees, which are scattered 
fairly regularly over the whole area, have a somewhat special flora which is 
composed mainly of fungi. At first, owing to the resinous nature of the wood 
and general unsuitability of the surface, the stumps remained bare. Later on 
the bark especially gradually decayed and many fungi were found growing on it 
or between the bark and the wood itself. The following have been found : 


(>orticium albo-stramincum 

Flammula sapinea a. 

Fonies annosus 

Hypholonia fasciculare a. 

I^cnzites eaopiaria 
Meruliua t re niellos us 
raxillus invulutuK 

Pholiota spoetabilis f. 

Pliiteua ccrviniis (albino form) 


Polyporus amorphtis 
P. hispid us 
mollis 

P. tephrolevica 

Polystietus versicolor 

Sparassis crispa (mostly on burnt stumps) 

Tlielephora laciniata f. 

Trametos gibbosa 

T remellodon gelatin osum 


In addition to these were Polyporus schweinitzii with Hypholoma and 
Thelephora on the roots. On the cut surfaces, especially associated with the 
holes of wood-boring beetles, Calocera viscma and Dacryoniyces sp. were 
found. The myxomycetes Ly cogala, epidendrum, Fuligo sepiica and Stemonifis 
sp. occurred plentifully both on the wood and on the bark. 

Mosses also appeared at a fairly early stage although not frequently. The 
following have been found, mostly on the bark or on rough parts of the cut 
surface where a little mineral matter collected: 


Aulacoinniu rn androgynum 

r. 

*A. palustre 

o. 

♦Brachythecium velutinum 

r. 

Bryum erythrocarpum 


Ceratodon purpureus 

0. 

Dicranum scoparium 

o. 


Joum. of Ecology XIV 


Eurhynchium praclonguni 
Hypnum cupressiforme o. 

var. resupinatum r, 

*var. tectorum 
Tetraphis pollucida 

Webera nutans o. 
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Those marked with an asterisk were sometimes found on the smooth cut 
surfaces. 

A certain number of lichens were also present. Parmeha 'physodes and 
Cladonia pyxidata sometimes occurred on the cut surfaces, but most of the 
lichens come in when the stumps are more decomposed. Other lichens besides 
those mentioned above are: Cladonia silvatica (r.), C.furcata (v.r.), 0. macilenta 
(1.), C. parasitica (1.), Lecanora varia (o.), and Lecidea idiginosa (v.r.). 

In some cases the stumps have gradually decayed away and merged into 
the surrounding soil, but in many cases a rather different state of affairs has 
come about. The inner portion of the stumps has either been burnt out or 
has decayed away leaving a small depression. In such places soil of a sort 
has collected and formed a suitable nidus for the establishment of higher 
plants. In 1924 the following were found in various stumps: Epilobiyin 
angustifolm^^ Fagiis silvatica (seedling). Ranunculus repens, Betula (seedlings) 
and Rubus spp. In 1925 Molinia caerulea, Sorbus auctiparia and Deschanipsia 
Jlexuosa were also seen, while Epilohium was relatively frequent in hollow or 
decayed stumps. In the November of 1924 it was noticed that the stumps 
were rapidly rotting away inside although often preserving a smooth and 
rigid outer shell. No doubt within a few years they will have almost completely 
disappeared. 

4, SUMMARY AND C0N(1.U810NS 

1. The rccolonisation of an area of felled sub-spontaneous pinewood is 
described. 

2. The progress of colonisation and the communities formed are dealt 
with, it being shown that different lines of succession are followed on dry and 
wet areas. 

3. On the former ordinary dry-heath communities of Calluna and Pteri- 
dium are being formed, while Betula alba and B. pubescens, in addition to 
forming pioneer communities themselves, arc invading the other parts. The 
distribution and advance of Epilobiutu, angusti folium are especially fully 
treated, while data as to powers of dispersal, etc. of other species are given. 

4. On the wet regions the main dominant is Molinia caerulea which covers 
large stretches. Juncus spp. (especially J. ejfusus and J , conglotneratus) seem 
to be invading these Molinia communities. All the consocies on the damper 
parts are ahead of the drier types in development and are completely closed. 
Two factors are suggested to explain this: the presence of Molinia in the 
damp parts of the original wood and the more favourable soil conditions in 
these areas after felling. 

5. Young trees of Betula. spp. are to be found everywhere; it seems as 
though both wet and dry regions are being converted into a scrub, mainly 
of birches, and finally into woodland. The small part played by Pinus in the 
primary phases of the process is noteworthy, but the evidence suggests that 
eventually, on the damp areas at least, pinewood will be re-established. 
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6. The effect of fires on the felled region is described. In particular the 
disastrous fires of 1921 are dealt with, and it is shown that burning greatly 
alters the course of colonisation. The new successions initiated are followed 
in detail, the wet and dry regions agreeing in that ¥ unaria and Epilohium 
angustifoliuni are the dominant plants in the earlier stages, while later on 
Ceratodon replaces Funaria; but after this the successions diverge, the usual 
dominants of the two regions, viz. Calluna: on the dry areas and Molinia and 
J uncus spp. on the damp areas, becoming more abundant. Bet ala seedlings 
also appear at an early stage and this will probably result in a telescoping of 
some of the normal stages. 

7. The special floras of ruderal areas and of the pine-stumps are described. 
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INTRODUCTION AND ACKNOWLEDGMENTS 
Notes have already been published on the animals occurring on the 
unfelled and unburnt parts of Oxshott Heath (see this Journal, 12 , 1924, 
pp. 291 2, 299-301, 304-5). The following account gives the results of a 
primary survey of the animals of the felled and burnt parts of the Common 
made in 1922- 5. In such a survey identification of specimens is a large part 
of the work, and I have much pleasure in acknowledging assistance in identi- 
fication given as follows: Coleoptera, Commander J. J. Walker and Mr J. 
Collins; Hymenoptera and Diptera, Mr A. H. Hamm; Micro-lepidoptera, 
Mr E. G. R. Waters; Aphides, Mr F. Laing; Spiders, Dr A. R. Jackson. 
Dr Jackson, in particular, has named every spider I have captured. Mr W. J. 
Lucas has also been kind enough to allow me to use some of his notes. 
Even with all this help, it will be seen that certain groups (e.g. parasitic 
Hymenoptera) have been more or less neglected. 

In the lists given in the paper, the groups of animals are always arranged 
in the same way; within each group the genera are arranged alphabetically 
and it is hoped that this may allow those who are interested in some of the 
groups only to extract the information they require more easily. 

This pa})er cannot pretend to give the same amount of information about 
the succession of animal communities after felling as has been given in the 
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case of the plants^. Animal ecology, however, has been so much neglected 
in England that it was thought that any information about the animals 
would be useful in an area where the plants had been studied and where the 
vegetational seres identified are easily recognised elsewhere, especially since 
the plants must in any case be studied first. 

Although the succession of the animals has not been studied in detail, 
yet a certain amount of information oh this subject has been obtained. 
Animal succession is probably of a different nature to plant succession. In 
the latter, as a general rule, dispersal mechanisms are good enough to allow 
all the candidates for a bare area to arrive fairly soon, and succession consists 
in the replacing of one dominant by another as the conditions become suitable 
for the various dominants. In the case of animals, however, where dominance 
does not exist, the species in a particular habitat tend to form communities 
attached to particular plants by a chain of food relations. In each case there 
are some small animals eating the plant and from that starting point there 
is a series of carnivores and parasites, the former of gradually increasing size. 
Such communities, of course, have many species in common and the largest 
carnivore, which may perhaps be a hawk, will be at the end of a large number 
of food chains leading to different plant associations. 

Animal succession then comes to mean changing the food chain attached 
to one dominant into another attached to its successor. To show this change 
accurately, the alterations in a definite quadrat would have to be recorded; 
but in the case of the animals time was not available for such detailed work. 
It has, however, been found that when a new dominant arrives, most of the 
fauna attached arrives within a year or two, and that sometimes the change 
in the fauna may be very complete and rapid. 

In many cases it lias been found that the animal community has been 
slowly changing while the plant community has shown no comparable change. 
Thus during the colonisation of bare ground by Calhmay wliile C(dluna spends 
several years in growing together to form a continuous carpet, the animal 
fauna is changing not only in its abundance but in its constituent species. 
The main factor responsible for this change is the gradual arrival of species 
with imperfect means of dispersal, though habitat changes may sometimes 
play a part as well. This lag in the occupation of suitable territory is, of 
course, shown in plants as well, but is probably rarely so marked as it is in 
animals. In the case of animals it becomes necessary as a consequence to 
make very careful comparative studies before the real causes of changes in 
the communities can be detected. 

The final arrangement of animals in chains leading to particular plants 
requires much more knowledge of the food habits than exists at present. The 
data for Oxshott are very incomplete and most of the foods given for the 
animals are taken from text books rather than discovered by observations on 
^ See the iniiiicdiately preceding paper in this issue, pp. 203-243. 
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the spot. This applies especially to the carnivores, the details of whose food 
habits are most in need of study. 

It seems to be true that, as a general rule, animals are attached to plants 
by some sort of food relation rather than by the need of similar habitat 
conditions. No doubt many examples can be given of animals whose distri^ 
bution is controlled by definite edaphic or physiological requirements, but 
probably these are usually the species which, though highly characteristic of 
an association, are not the most common animals in it. The commonest 
animals in a plant community are often those most common elsewhere. Thus, 
in this account, all the animals associated with a plant dominant are treated 
together, though the plant may be growing in what, from the point of view 
of plant ecology, are several habitats. An animal community may also occur 
in very small areas owing to the presence of the plant with which it is associated, 
and areas which botanically speaking are fairly homogeneous and represent 
a definite plant community may contain several fairly distinct animal com- 
munities. 

The divisions used here are to a great extent those described and defined 
in “Studies on the Ecology of English Heaths,"’ Parts i and ii (this Journal, 
12 , 1924, p. 287 and 14 , 1926, p. 203), dealing with the plant ecology of the 
district. 

1. DRY SERIES 

A. Bare areas. 

There are a number of animals that are characteristically found on bare 
sand. The most typical are the sand wasps, the fly Anihrax^ and the tiger 
beetles, which often fly up as one walks across the Common. Normally such 
species inhabit paths, sandpits, etc., but at Oxshott tliere has been a great 
extension of tlieir habitat. Few of the species live entirely on the bare areas, 
since most have to obtain their food from various plant communities, but 
many are controlled by the amount of bare sand available for nesting sites. 
A thick layer of humus usually makes a bare area unacceptable, so that for 
many species it is only the steeper slopes and the places where the humus 
has been burnt or blown away that are used. Since this community is merely 
an association of forms with similar nesting requirements, there is no regular 
food-cycle amongst its members. The species in Table I occur on dry, bare 
areas all over Oxshott Common, except in the pinewood which is too shady 
for most of them. Not enough data are available to determine the rates at 
which different species colonise new areas. The list of the bees and wasps 
includes only the most abundant species; it is hoped that this group will be 
more fully dealt with in a later paper. 
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Table I. Animals of bare sand. 



Specie.^ 

Food 

NeMing place, or other 
habitat 

Bee 

Andrena argcntata Sm. 

Pollen and nectar {Calluna) 

Nests in flat, hard sand 

,, 

A. doraata K. 

„ „ {RubuH, 

,, ,, ,, 


A. fulva Schr. 

Epilohium) 

Pollen and nectar [Halix) 



A. fuscipea K. 

,, ,, {Calluna) 

«« «« 

,, 

A. gwynana K. 

,, „ {Salix) 

M 

,, 

A. ovatula K. (afzeliella) 

„ ,, {RnbiiA) 

M 

,, 

A. sericea 8ehr. 

Weevils 

,, ,, ,, 

Digger wasp 

Cerceris arenaria 1 j. 

Nests in sandy slopes 

Nests in sandy elilTs 

C. labiata F. 


,, 

C. rybyensis L. 

Small bees 

,, 

Ceropales rnaculata F. 

A parasite of Pmrmtiochares 

Bee 

Colletes sueeinctus 1j. 

Pollen and nectar {Calluna) 

Nests in flat sand es- 

Digger wasp 

(b’ossoeerus wesinaeJi Vid.L. 

Flies 

pecially paths 

Nests in cliffs and slopes 

,, 

Diodontua Tninutus F. 

Aphides 

Nests in sandy cliffs 

,, 

l^vagetes bieolor Lej). 

Sjiiders 

Nests in flat sand 

Ant 

Formica fusca L. 

Insects and secretions of 

Nests mainly under 

Digger wasp 

CoryUiS quadrifasciatus F. 

aphides 

Honioptt-ra 

pine bark 

Nests in flat sand, or 

(b tumidus Pz. 

h urn us 

V 

Bee 

Hal ictus bavipes F. 

Pollen and nectar {Calluna, 

? 


M, minutus Zett. 

Erica, Rubus) 

Pollen and nectar 

Nests in sandy cliffs 

,, 

H. morio F. 


11 11 11 

,, 

H. praainus 8m. 

,, ,, {Calluna, 

Nests in flat sand 


H. iiumdatissimua 8cli. 

Erica) 

l*ollen and nectar { (Ilex, 

y 


H. rubicu Ildus ('hr. 

Rnbuti) 

Polhm and nectar {Calluna, 

Nests in flat sand 


H. villus ulus K. 

Rubufi) 

PollcTi and nectar (Yellow 

11 '1 

Jltiby wasp 

HiMlycliridium minutum Lep. 

composites) 

ParasitA'! of digger wasps 


Bee 

Megachile circurneincta J^ep. 

Nectar and pollen {Rubu.s) 

Nests in flat sand 

,, 

M. maritima K. 

„ „ {Rub us 

,, ,, 

J)iggcr wasp 

Mellinus arvensis L. 

and Lotus) 

Flies 

Nests in flat sand (and 

Methoca ichneumouides T.(atr. 

Parasite of tiger beetles 

cliff’s) 


Miscophus eoncolor Dahlb. 

Small spidcws 

Nests in flat sand 

,, 

Myrmosa melanocephala F. 

Parasite of other aculeates 


Bee 

Nomada rutqies F. 

Parasite of A ndrena f uscipes 



N. signata Rz. 

i*arasite of A. fulva 


Ruby wasp 

Notozus panz(u*i F. 

J*arasik! of Pscn 


Diggevr wasp 

Nysson diraidiatus Jur. 

J^robably parasite of Gorytes 



N. iriterruptus F. 

tumidus 

Probably parasite of G. quadri- 


Oxybelus uiiiglumis L. 

fasciatus 

Flies 

Nests in flat sand 

,, 

Priocnemis parvulus Dahlb. 

Spiders 

Nests in flat sand (also 


Psammoeharcs clialybeatus 

11 

humus) 

Nests in flat sand 


Bchiodte 

Ps, fuscuB L. (viaticus) 

11 

Nests in flat sand and 


Ps. nigerrimus Scop. 


slopes 

Nests in flat sand 

,, 

Ps. pcctinipes V.deLiiid. 

Parasite of its congeners 



Ps. plumbeus F. 

Spiders (csp. Trochosa) 

Nests in flat sand and 


Ps. rufipes L. 


slopes 

Nests in flat sand 


Psen shucbardi Wesm. 

Hornoptera 

Nests in flat sand and 



cliffs 
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Table I {continued). 


Bee 

Species 

Saropoda bimaculata Pz. 

Food 

Pollen and nectar {Erica, 


Spliooodes affinis v.Hag. 

Rubm, Epilohium) 
Parasite of Halictus 

,, 

S. gibbus L. 

yy yy 


S. divisuB K. (similis) 

yy yy 

Digger wasp 

Si)hex (Arnmophila) campes- Caterpillars (birch) 


tris Latr. 

S. (A.) sabulosa L. 

„ (birch and 

Calluna) 

Grasshopjwrs 

,, 

Tachysphex pectinipes L. 


T. uni color Pz. 

Fly 

Anthrax fenestratiis Fall. 

BrPTKRA 

Parasite of grasshoppera 


Miltogramma punctatum Mg. l^arasite of Colletes 


Paragus tibialis Fall. 

? Perhaps a parasite 

,, 

Sciapus loewi Beck. 

Larva subterranean and 

»!* 

Sphixapata conica Fall. 

probably carnivorous 
I'arasite of MelUnus and 

Moth 

Salebria fusca Hw. 

probably of (>tli(?r digger 
wasps 

lUijriDOPTKKA 

Larva on Erica 

Dung beetle 

Aphodius tristis Pz. 

CoT.ISOPTERA 

Larva and adult on dung 

Beetle 

Bembidium lampros Hbst. 
Byrrhua fasciatus F. 

Caniivorous 

>> 

Tiger beetle 

? 

Cicendela campeatris L. 

Carnivorous 

>> 

Dor beetle 

C. silvatica L. 


Geotrupea pyrenaeua Charp. Dung 

Beetle 

G. typhoeus L. 

Metabletus forcola Gyll. 
Microzoum tibiale F. 

' 

Carnivorous 


? 

Bug 

Zicrona coerulea h. 

Hemiptera 
? Carnivorous 

Grasshopper 

Tettix bipunctatus L. 

Orthoptera 

Herbs 

Mite 

Erythraeiis regalia C.L.K. 

Acarina 
? Carnivorous 

Spider 

Aelurillus insignitus Cl. 

Araohnida 

Carnivorous 

>> 

Lycosa lugubris Walck. 


>> 

>> 

L. monticola C.L.K. 

L. nigricepa Thor. 

- 


L. pullata Clerck. 


yy 

L. taraalis Thor. 

Tarentula barpipes Sund. 
Trochosa picta Hahn. 

>> 

>> 

>> 

Harvestman 

Oligolophus tridons 

Opiolionida 

Carnivorous 


Mitoijus morio F. 


Rabbit 

Oryctolagus cuniculus L. 

Mammalia 

Short plants 


Nesting place or other 
habitat 

Nests in flat sand 


Nests in flat sand 


Adult sits on bare 
ground 

Associates with small 
aculeates 

Adult often in rabbit 
holes 


On burnt areas 


? Associated with 
rabbits 

Trapped in rabbit holes 


Associated with rabbits 


Associated with burnt 
areas 

Flat places, mostly 
damper parts 


Lives in burrows in the 
sand 


Mainly burrows in bare 
areas. Penetrates the 
pine wood with its 
dung beetles 
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B. Callunetum. 

The animal community associated with Calluna is a very definite one, and 
seems to be mainly controlled by the plant rather than by any special edaphic 
or physiological conditions. Thus the fauna of Calluna in woods, in damp 
places, and in dry, burnt or unburnt areas, is very similar, particularly as 
regards the most abundant species. Erica cinerea and E, tetralix seem also 
to support practically the same set of animals, but probably more accurate 
observations would show differences. The description of the animal community 
associated with Calluna at Oxshott presents certain difficulties which are met 
with to some extent in the study of all the communities on the Common. 
The older, more or less permanent areas of Callunetum have been much 
interfered with by man and many typical animals are rare or absent. Many 
of these, however, occur in the now extensive new areas of Calluna, and the 
list in Table II is made by combining the records. Obviously there is a great 
danger of recording as Callunetum animals those whicli really only occur in 
the early stages of colonisation. Probably further study, especially in other 
districts, would show which species were primarily pioneers. Many species 
have been found only in the older Calluneta and these may be absent from 
the newer areas for a number of reasons. First it is very difficult to be certain 
that the observations have been complete enough; many forms are difficult 
to find even when common, and many only occur as adults during a short 
part of the year. There are, however, two factors which are universally 
important, namely, the effect of the varying powers of dispersal and of 
different edaphic needs. 

(1) Dispersal, A number of Calluna insects are unable to fly (usually 
owing to secondary loss of wings) and these do not occur as a rule in early 
stages of colonisation. The beetles Helops slriatas Fourc. and Carabus catenu- 
lai/us Scop, are exceptions, l^oth are wingless, yet the former is always one 
of the earliest arrivals on a burnt area. The Carabus is well known to walk 
about a lot in the night and owing to its large size covers the ground quickly. 
The following wingless insects only occur in the older Callunetum including 
isolated patches in the felled area which escaped burning and represent slight 
openings in the old pinewood: the beetles Oihius rnyrmecophilus Kies., 
Strophosonius coryli F., S, lateralis Pk. ; and the Leaf hopper Ulopa reticulata F. 
The last two species are common on most heaths, feeding on Calluna. Other 
forms are probably too small to fly far, except under favourable circumstances, 
e.g. the beetle Hypocyptus longicornis Pk, and the fly Limosina spp. Where 
trees were growing before the fire a few species escaped by crawling up the 
trees. Probably this was the case with the woodlouse Philoscia muscorum 
Scop, which occurs under Calluna in the older areas and also under bark of 
burnt chestnut in parts of the Moliiiietum. In the same way escaped the 
larvae of a wingless moth, Luffia ferchaultella Stph. which fed on the lichens 
on the trunks. 
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(2) EdajMc conditiom. There are many other species which are only 
found on older Calluneta but for whose distribution no definite reason can 
be given. These species are given in Table III. The newer areas lack the 
dense, moist moss carj)et that is found in well developed Calluneta and this 
must have an important effect on many species, 'llius the mollusc Polita 
radiaiida Alder only occurs in the moss, and beneath it the slugs lay their 
eggs. When Betula grows up its leaves form an equally good cover for slugs’ 

In woods near Oxford many of the larger Staphylinid beetles (Ocypus, 
Quedius, Philonlhas) are commonly found hibernating under moss in winter, 
often in very large numbers. Such beetles only occur at Oxshott on the 
Calluneta with moss, and this may be the controlling factor. Other insects, 
e.g. larvae of Syrphid flies and sawflies pupate under moss and might be 
similarly controlled. The species of spiders have very good powers of dispersal 
so that anomalies in their distribution ought mainly to be due to edaphic 
conditions. It will be seen that in the genera Centromerm and 

Walchenaera some species have not been found on the new areas, and these 
may be controlled by the edaphic conditions. 

The beetles of the genus Bradycelhis liave a curious distribution. An 
isolated specimen of B. verbasci Duft. was found in the Molinietum. The 
Callunetum species are B. harpalimis Dj. and B, similis I)j. The former is 
mainly a pioneer which disappears or becomes rare in the later stages, while 
tlie latter is not uncommon in any Callunetum but does not colonise quickly. 
The following are the data for the two species. 

In the old lieather on the south ridge B. harpalinvs is rare, wiiile B. Hmilis 
is often common, especially in winter. In the new areas in 1922 and 1923 
(i.e. for two years after the fire) only B. harpaLinm' occurred, and it was very 
abundant under Calluna. It also occurred commonly under charred pine bark, 
where B. siniilis is never found. The isolated relict areas of Calluna probably 
contained B. siniilis in 1922 3, and in early 1924 B. siniilis was the commoner 
of the two there. On these areas their numbers are now about equal. In like 
manner B. similis appeared under the new Calluna in 1924 and seems now 
to have become the commoner species. Under CaUun/i on the damper areas 
B. similis seemed to arrive earlier. Apparently B. harpalinus is the best 
coloniser (both have well developed wings) while B. similis needs the damper 
conditions which, when the moss carpet is continuous, drive out B. harpalinus. 

The detailed changes which result from a colonisation by Betula have not 
been recorded. There is certainly a stage when the two communities are 
present in alternating patches. A few notes have been made on the effect of 
Betula leaves on the Calluna fauna. Certain forms, e.g. Stenus genieulatus Gr. 
and A mphigynus piceus Marsh, are normal inhabitants of Calluna in the early 
stages of invasion. The latter beetle has not been found at Oxshott, perhaps 
because it is wingless, but it occurs on other London heaths. The dead leaves 
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also favour mollusca, allowing them to lay their eggs in a damp situation. 
Some of the birch-feeding larvae may be found pupating under neighbouring 
Calluna bushes. Probably most of the birds seen on the new Calkma areas 
really nest in the invading birches. A moth, Acid alia interjeetaria B., also 
seems to be characteristic of the scrub stage of invasion, especially in hollows. 

The general habitat of most of the Calluna animals is on the ground 
beneath the bushes of heather. Nearly all moths hide in the bushes by day 
and can be beaten out. The exact habitats of the species in this list will 
therefore not always be given. There is a separate list of the flower visitors 
to Calhina, and to the species of Erica. Except when the heather is in flower, 
the animals are not at all conspicuous; nearly all the small forms, which hide 
under heather, are not conspicuous even when abundant. 


Table II. Animal cmnmunily of typical Callunetum {except forms only 
found on long established areas). 


Speciefi 


Food 

IlyMENOPTERA 


Jfahitdt 


Wasp Eumenes coarctata L. 

Ant Formica fiisca L. 

Digger wasp Miscoplms concoior Dahlb. 
Ant Myrinioa niginodia Nyl. 

,, M. scabrinodis Nyl. 

,, M. sulcinodiH Nyl. 

Wasp Vespa vulgaris L. 


Fly Aphiodiaeta pulicaria F all. 

,, A. mallochi Wood 

,, Chaetoneurophora eurvi- 

nervis Beck 

,, Cryptolucilia <!aesarion Mg. 

,, Enoplopteryx ciliatocosia 

Ztt. 

„ Euaresta conjuncta Lw. 

,, Gonia ornata Mg. 


,, Machirnus at/ricapillus Fall. 

„ Oscinis spp. 

,, Phaonia signata Mg. 

„ Scatella stagnalis Fall. 

„ Scatopliaga stercoraria L. 

,, Sciara sp. 

», Sepsis, at least 2 spp. 

Hover fly Sphat^rophoria scripta E. 

Crane fly Tipula spp. 

Fly Wagneria lugena Mg. 


Feeds larva on caterpillars 

Insects and secretions of 
aphides 

Heath spiders {Siemonj/- 
phanlCH) 

Insects and secretions of 
aphides 

Tns(‘cts and secretions of 
aphides 

Insects arul secretions of 
aphides 

Heather insects 
Diptkka 

Larva a scavenge i‘ 

Larva on carrion 

Larva a scaveng(‘r 

Larva carnivorous 

Larva on some undeter- 
mined plant 
I'arasite of Agroiifi 

Larva and adult carnivorous 
Larva on grasses 

Larva ? scavenger 

9 

Larva ? scavenger 

99 99 

Larva on aphides 
Larva subterranean 
Parasite of noctuid cater- 
pillars 


Makes a mud nest on 
h(‘ather 

Nests mainly under 
pine bark 
Nests in bare sand 

Nests under Calluna or 
]^in(; bark. Especially 
damper parts 
As al)ove but in dry 
places 

Nests under pine bai'k 
in dry places 
Nests in sc rut) and 
wood areas 


The species may be as- 
sociated with rabbits 

Adult under heather in 
winter 

Adult under heather in 
winUu' 

Adult under heather in 
winter 

Adidt flies in early 
spring 

Adult under Calluna in 
winter 

Adult under Calluna in 
winter 

Adult carnivorous main- 
ly in summer 

Adult under Calluna 

Adult on flowers 

Adult runs about on 
bare ground in Sept. 
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Moth 




»» 

»> 


»> 


»> 


>* 


»> 


Beetle 


»» 


»> 


»> 


»» 

>» 


»> 


Bug 
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Table II {continued) 


Species Food 

Lepidoptbra 

Acidalia straminata Tr. Larva on herbs 

Agrotis pronuba L. „ 

A. tritici L. „ 

Amphisbatis incongruella Stt. Larva on Calluna 
Anarta myrtilli L. „ 


Aristotelia ericinella Dup. 
Coleophora juncicolella Stt. 
Cram bus culmellus L. 

C. geniculeus Hw. 

Ematurga atomaria L. 

Eiipithicia nanata Hb. 
Geiechia affinis Bgl. 

G. ericetella Hb. 

G. umbrosella Z. 

Lasiocarnpa quercus L. 

}*hoxopteryx (Ancylis) iin- 
cana Hb. 

Pleurota bicostella Cl. 

Plusia gamma L. 

Phitelfa maciilipennis Curt. 
Ptorophprus monodactylus L. 
Salebria fusca Hw. 

S. palumbella F. 

Scythris grandipennis Hw. 

S. variella Stph. 


Amara famelica Zimm. 

A. familiaris Duft. 

Anthicus antherinus L. 
Brady collus harpalinus i)j. 

B. similis I3j. 

Calathus melanocephalua L. 
Carabiis catenulatus Scop. 

Coccinella 7-punctata L. 

C. 11 -punctata L. 
Cryptocephalus fulvus 

Goez. 

Helops striatus Fourc. 

Metabletus foveola Gy 11 
Mycetoporus splondens 
Mareh 

Notiophilus biguttatus F. 
Olisthopus rotundatus Ph. 

Quedius boops Gr. 
Simplocaria semistriata F. 
Stenus atratulus Er. 

S. geniciilatus Gr, 

S. rogeri Kr. 

Tachyporus chrysomelinus L. 

T. hypnorum F. 

Xantholinus linearis 01. 


Larva on grasses 


CoiiEOPTEEA 

Carnivorous 

»» 

Scavenger 

Carnivorous 

>* 


Carnivorous (worms 
and snails) 

Aphides, etc. 

»» 

Bumex acetosella 

Larva carnivorous under 
Calluna 
Carnivorous 


»» 


»» 

? 

Carnivorous 

9* 

99 

Carnivorous 


Habitat 


Adult hides in Calluna 
Adult visits Calluna 
Flies in early spring 
Adult visits Calluna 
flowers 


Perhaps only a pioneer 


Perhaps only a pioneer 
Es}Kicially damper parts 

Newer areas 
Older areas 

Perhaps more abundant 
where birch invades 


Adult hibernates under 
Calluna 

Adult in nearly all 
habitats 

Perhaps where birch 
invades 

Especially in wet places 

Does not arrive for two 
years 

Damper places 

When Betula invades 

Damper places 


ff 

ff 


Larva on Erica and Legu- 
minosae 

Larva on Calluna and Erica 
Larva on mosses Adult hides in Calluna 

Larva on Calluna and Erica 

Larva ? on mosses Adult hides in Calluna 

Larva on Calluna and 
various trees 

Larva on Erica and birch Commoner on daraj) 

parts 

Larva on Erica 
Larva on herbs 

„ Hibernates in Calluna 

Larva on Erica 
Larva on Calluna 
Larva on Ulex 

Larva on Calluna and Ericu Adult hops about on 

bare ground 


Hemipteea 

Coranus subapterus Carnivorous 

Cymus melanocophalus Fieb. ? 
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Bug 


Leaf hopper 
Psyllid 
Mealy wing 


Springtails 


Grasshopper 


»» 


Sjjider 


Harvestman 


Mite 


Woodlouse 

Centipedes 


Millipedes 


Earthworm 


Grass snake 


Yellow 

Hammer 

Partridge 

Stonechat 


Rabbit 


Table II (continued). 


Species 


Food 

Hemiptera 


Macrodema micropterum ? 

Curt. 

Nabis ericetorum Schltz. Carnivorous 
Orthotylus ericetorum Fall. Calluna and Erica 
Scolopostethus decoratus Hhn. 


Trapezonotus arenarius L. 
Triphleps nigra Wolff. 
Acocophalus albifrons L. 
Rhinocola ericao Curt. 
Aleyrodid sp. 


? 

? Carnivorous 
*/ Calluna 
Calluna and Erica 
Vegetarian 


Collembola (unidentified) 
Campodea sp. 


Collembola 

Very abundant, vegetarian 

Thy SAMIRA 
Vegetarian 

Orthoptera 

Herbs 


Gomphocerus maculatus 
Thunbg. 

Metrioptera brachyptcra L. „ 

Tettix bipunctatus L. ,, 

Arachnioa 

Centromerua concinnus Thor. Carnivorous 
Leptyphantea tenuis 131. „ 

M angora acalypha Walck. „ 

Pisaura mirabilis Clerch. „ 

Stemonyphantes lineatus L. „ 

Tarentula barbix)e8 8und. „ 

Walckenaera nudipalpis „ 

Westr. 

Wideria antioa Wid. „ 

Xysticus cristatus Clorck. „ 


Phalangium opilio L. 
Erythraeus regalis C.L.K. 


Porcellio scaber Latr. 


Opilionida 
Carnivorous 
Acarina 
Carnivorous 

Crustacea 

Scavenger and carnivorous 
Chilognatha 
Carnivorous 
Diplopoda 
? Scavengers 
Annelida 
Vegetarian 

Reptilia 
Carnivorous 
Aves 

Emberiza citrinella citrinella Chiefly plants 
L. 

Perdix perdix perdix L. Chiefly plants, insects more 

in summer 

Saxicola torquata hibemans Mainly insects 
Hart. 

Mammalia 

Oiyctolagus cuniculus L. Herbs and Ericaceae 


Tropidonotus natrix L. 


Habitat 


Very abundant under 
Calluna 


Mainly damper places 

Hamper places 

Hamper places 


Under Calluna and on 
bare soil 

Newer areas 


Hamjxjr parts of felled 
areas 

Hamper parts 



Table III. Species found only on older Callunetum. 


1 = Older Calluna. 2 ^^^Tinewood, Calluna and E, tetralix. 3 - Relict Calluna in felled areas. 


Ant 


Butterfly 


Fly 


Beetle 


Ladvl)ird 

Beetle 


Leafhoppc^r 


Cockroach 

Graswhopper 


Spider 


Harvestman 


Woodlouse 


Slug 

Snail 


Acanthomyops alicnus 
Forst. 1 

A. urnbratus Nyl. 1 
Myrmica lobicornis Nyl. 


Lycaena aegon Schiff. 1 


Insects and secretions of 
aphides 

Insects and secretions of 
aphides 

1, 3 Insects and secretions of 
aphides 

Lkpidoptera 

Larva on Erica and Orni- 
thopus 


Diptera 

Limosina luteilabris ? Scavenger 

Rdi. 1 , 2 

Sphaerocera subsaltans F. 1 „ 

COLEOPTKRA 


Amara lunicollis Scliiod. 1, 3 Carnivorous 
A. trivialis Oyll. 1 „ 

Astilbus canaliculatus F. 1 Ants 
Chilocorus similis Ross, 1 ? Aphides 

Hypocyptus longicornis Pk. ? Scavenger 

2, 3 

Lochmaea suturalis Th. 1, 2 Calluna and Erica 
Nebria brevicollis F. 2, 3 Carnivorous 

Ocypus cuprous Ross. 1 „ 

O. olens Mull. 1 „ 

Othius rnyrineoophilus ? 

Kies. 2(3?) 

Philonthus niargiiiatus F. 1 Carnivorous 

P. politus F. I „ 

Quediua inolochinus Gr. 3 „ 

nigrieeps Kr. 2 „ 

Sipalia eircellaris Gr. 1, 2 ? Carnivorous 

Strophosomus coryli F. 1, 2, 3 Vegetarian 
S. lateralis Pk. 1, 2, 3 Calluna and Kricfi 

Hemipteea 

Oicraneura variata Hardy 1 Vegetarian 
Ulopa reticulata F. 1, 2, 3 Calluna 

Orthoptkra 


Ectobius lapponicus L. 1,3 V Scavenger 
Stauroderus bicolor Cliarp. Vegetarian 
1,3 

Arachnid A 


Agroeca proxiina Cambr. 1 
Centroinerus bi color Bl. 1, 3 
C. silvaticus Bl, 1 
Cheiracanthium carnifex F. 1, 
Uictynna arundinaoea L. 3 
Leptyphantes ericaeus Bl. 3 
Linyphia pusilla Sund. 3 
Micryphantes rurestris 
C.L.K. 1 

Nematognus obscunis Bl. 1 
Robertus lividus BI. 1 
Walckenaera acuminata Bl. 

1, 3 


Carnivorous 



Opilionida 


Nests in sand 

Nests under Calluna 
and moss 

Nests under Calluna 


Abundant on older 
Calluna 


Adults under moss 


? Too small to fly far 


Wingless 


Wingless 


Wingless 


Short-winge 


Ncmastomum lugul)re Bl. 2 Carnivorous 
Oligolophus agrestis. 2 „ 

PlatybunuB corniger Fr. 2 „ 

Crustacea 

Philoscia inuscorum Scop. 1, 2 ? Scavenger and carnivore 

Mollusca 

Eggs under moss. 1 , 2 Vegetarian and scavenger 

l*olita alliaria Mull. 2 „ „ 

P. radiatula Alder. 1 „ „ 
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Table IV. Imcct visitors of Calhina and Erica flowers. 


Ca. — Calluna. C>i. “ Erica cinerm. T. 

= E. leiralix. W. — Worker. 

F. “ Female. M. =Male. 


HyMENornoRA 


Bee 

Andrena argeniata 8m. 

F. Ca. 

Cf. 1 able I 


A. fiiHcipes K. 

F. Ca. 


Hive Bee 

Aj)is meJlilV.ra L. 

W. Ca. Ci. 

F rom surrounding 



houses. Very common 

Humble Bee 

Bombus agrorum F. 

W. Ca. (Ji. W. F. T. 

The commonest one 



on T. 


B. hortorum L. 

W. T. 



B. jonellus K. 

W. Ca. W. M. (;i. W. F. 

T. 


B. lapidarius L. 

M. Vai. M. W. F. Ci. W. 

T. The commonest one 


B. Ill corum L. 

M. (ki. M. W. F. (^i. W. 

on (a. 

T. Very common on Ci. : 




the VV. Ihtes through 
the corolla at least 




of T. 


B. ruderariuK Mlill. (derha- 

M. W. T. 



melluH K.) 

IF sylvarum \j. 

F. T. 



B. terrestris D. 

M. W. Ca. M. C'i. W. T. 

8ometimes biti's through 




corolla but not seen 
to do so here 

Boo 

Colletes 8U0eiiictus L. 

F. M. Ca. 

Cf. Table 1. An abun- 
dant (■alluna bee. 


Hal id us llavipes F. 

M. Ca. F. Ci. 

Cf. ^rabh^ 1 


H. minutus Zett. 

M. F. Ca. 



H. jirasiiiuK Srnilli 

F. ('-i. 


• 9 

H. puiictatissimus 8ch. 

F. (^i. 

,, 


H. ndiicunduH ('hr. 

M. ( 'a. T. 


99 

Megachill' maritima K. 

M. Ci. 



M. willughhiidla K. 

M. Ci. 

Cf. Table XXIX 


Nomada ruh])es F. 

M. Ca. 

( 'f. ’^Fablc 1 

99 

Prosopis genalis Tli. 

F. Ci. 

Ci. 1’able XXIX 

99 

Saropoda bimacuiata P/. 

M. F. Ci. 

Cf. Table I 

Digger wavsp 

8phcx (Ammophila) sabu- 

M. ('a. Ci. 

,, 

losus L. 

DiJ"rKUA 



Fly 

(kmops (juadrifasciaius l)e( 

J. Ca. 

? Parasite of Humble 
T 


Volucella bombylaiis L. 

F. Ca. T. 

Commensal of Humble 


LeI’IDOPTEHA 

Bees 


Moili 

Agrotis tritici L. 

Ca.. 

Cf. Table 11 

,, 

Anarta myrtilli L. 

Ca. ( 'i. 

99 


IMusia gamma \j. 

( 'a. ( -j. 



( \ EriLOIilU M AX(n sTIF(i]JUM, 

A small animal community is associated with this plant wherever it grows 
at Oxshott; in other places where the plant is more permanent (e.g. cut down 
woods near Oxford) there are rather more kinds of insects attached to it. 

Only one moth feeds on Epilohium at Oxshott, Morrrpha raschJciella Z. 
A single specimen was found in 1923. In 1924 it was common amongst 
particular patches of the plant, and in 1925 it was common throughout and 
locally abundant. The adult appears in July. The most important enemy 
of the willowherb, however, is a beetle, Haltica oleracea L. Two specimens 
were found in July 1924 in the Great Hollow. In the winter of 1924 5 the 
adults were found hibernating in great abundance in PolytricJmni and Molinia 
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tufts in the damp areas. In late June 1925 the larvae were a plague on the 
leaves of Epilobium, The larva feeds on the underside and the lower leaves 
are attacked first. Short or young plants may be killed ofi, all the leaves 
being destroyed. On the area invaded by Calluna, where Epilobium grows to 
some extent in local clumps in small hollows, almost every clump was infected 
and at least three-quarters of the plants in each clump. 

In the summer of 1 924 a few plants in the Molinietum had the upper part 
of the flowering spike covered with a black aphid (not yet identified). This 
destroys the upper buds while the lower ones are in flower. Food is solicited 
from this aphid by the ant Formica fusca L. and it is eaten by the ladybirds 
(larva and adult) Coccinella 1 -punctata L. and Adalia bipunctata L. and 
probably also by Syrphid larvae. The buds are also destroyed by the gall 
midge Perrisia epilobii F.Loew. which makes the buds swell up and fail to 
flower. These galls were common on 27. ix. 25. A spider, Erigone dentipalpis 
Wid., has been found to spin its web on Epilobium. 

Table V. Insect visitors of Epilobium. 


Bee 


Andrena dorsata K. 

Male. Cf. Table I 



Apia mellifera L. 

Worker: by far the most important visitor 



Bombus agrorura F. 

Workers 



B, lapidarius L. 

Workers 



B. lueorum L. 

Male and female 



B. pratomm L. 

Males. Only in shrub areas on the S.E. side 



B. teriv.atns L. 

Male and worker 

Digger 

wasp 

Ceroeris arenaria L. 

Male. Cf. Table I 

C. labiata F. 

»» »» 

Male 

Bee 


Cilissa leporina Pz. 

91 


Coelioxys rufeaoens Lcp. 

Female. Parasite of Megachile 

99 


Hal ictus flavipes F. 

Male. Cf. Table I 

Kuby wasp 

Hedychridium minutum Lep. 

Cf. Table I 

>» 

Digger 


Notozus panzeri F. 

Male. Cf. Table I 

wasp 

Psen bicolor F. 


P. unicolor V.deL. 

Cf. Table XXIX 

Bee 


Psithynis quadricolor Lep. 

Parasite of B. pratorum L. and found in the 
same situation 

99 


tSaropoda biinaculata Pz. 

Male and female common 

99 

Fly 

>> 

Beetle 

♦> 

Bug 


Sphecodes divisua (similis) K. Female. Cf. Table I 

Dipi’kra 

Catabomba pyraatri L. 

Sicus ferrugineus L. 

COLEOPTERA 

Adalia bipunctata L. 

Coccinella 11 -punctata L. 

Hkmiptera 

Plagiognathus arbustorum F. 



Triphleps nigra Wolff. 

Cf. Table 11 


D. Deciduous woods. 

In the previous paper on Oxshott (this Journal, 1924, p. 304) a few moths 
were recorded from the mixed deciduous wood on the eastern boundary of 
the felled area. This community has since been much more fully studied. 
The most important trees for insects are Betula spp., Quercus, Alnus and 
Castanea. All these have invaded the felled areas to a certain extent, though 
in this respect Betula is much the more important. Castanea^ even when 
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common, has very few insects specially attached to it in England. The data 
are not sufficient to show the details of the colonisation of young birches by 
animals, so the following plan has been adopted. A special table is given of 
species found on four-year-old birches (6~12 ft. high) on 22. vi. 25. Fairly 
extensive records were made on this date, and no difference could be detected 
between birches growing in different plant habitats. Many of the species in 
this table are commonly recorded from young birches by other observers, but 
this may be because animals are easier to see on trees that are not too tall; 
no doubt, however, some are real pioneers. A second table will be given of 
species found on Oxshott Common connected with deciduous trees or the 
undergrowth of the woods they form. Lengthy as this list is, it can only 
contain a fraction of the species that really occur. In particular the ground 
fauna has hardly been examined. The insects have been found in the main in 
two ways. Firstly, they may be found sitting on the palings in the mixed 
wood. This, especially in the case of moths, gives a sort of random sample of 
the population of such a wood, though certain genera are never found. 
Secondly, by beating young birches, oaks, etc., on the felled areas. Many of 
the species may be found whichever method of search is employed and it is 
not yet possible to distinguish those that are especially pioneers. The insect 
visitors of certain plants, such as Rubiis (Table XIV) or Teucrium scorodonia 
(Table XI), which are specially common in birch scrub, are given separately. 
Certain animals are definitely associated with older birch woods, mostly 
species needing tree trunks for some part of their life history. Three lists are 
given : Trunk feeders, shown in Table VII by a symbol ; Table VIII, inhabitants 
of Poly for us betulinus which only grows on the older trees; Table IX, animals 
living under bark. This last habitat was greatly extended when many birches 
were killed by fire in 1921. Castanea suffered in the same way, and the bark- 
fauna of the two trees is given in one list. 

A few remarks have already been made on the effect of birch leaves on 
the Calluna fauna. In the case of the invasion of Molinia the inadequate 
data available are given in Table X. The most important effect is that wood- 
mice, almost certainly Afodemus silvaticus (none caught), become very 
abundant. Mollusca become common and lay their eggs, and birch feeding 
insects pupate under Molinia tufts more or less covered with birch leaves. 


Table VI. Insects on young Betula. 22. vi. 25. 


Hymenoptera 


Sawfly 

Ant 

Digger wasp 
Sawfly 
»» 

Parasitic wasps 


Croesus latipes Vill. 

Formica fusca L. 

Psen shuckardi Wesm. 
Rhogogastera vividis L. 

Two unidentified larvae 
Braconids and lohneumonids 
(e.g. Hemi teles spp.) 


Joum. of Ecology XIV 


Larva found 
Attending aphides 
Hunting for Horaoptera 
? Food 

Feeding on birch 
Abundant 


17 
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Table VI {continued). 

Diptera 

Fly 

Chelipoda mclanocephala F, 

Carnivorous. Common on underside of 
leaves 


Chilosia pagana Mg. 

V 

Galls common. Some with a parasite (Hym.) 


Contarina l)etuliiia Kieff. 


Empis livida L. 

(rymnoptemus aerosus Fall. 

Carnivorous. Bare 


»> >» 


Hilara interstincta Fall. 

»» !»> 

»» 

Microchrysa polita L. 

Muscid flies of several kinds 

? 

Abundant 

>» 

Phalacrotojjhora fasciata Fall. 

Parasite of A dalia bipunetata 


Taohydromia minuta Mg. 

C’ami VO rou s . ( ‘ora m on 


T. flavipes F. ? „ „ 

Lepidoptera 

Moth 

(Jaeoeoia unifaseiana Diip. 
(Joleopliora fuseedinella Z. 

Deciduous trees (incl. birch) 


Larva on birch 


D repan a lacertinaria L. 

Larva found 


1). falcataria L. 



Eriocrania spp. 

Blotches in l(>aves very abundant 


Olethreutes betulaetana Hw. 

Bare. Lar*va on birch 


Orgyia antiqua L. 

Larva common on birch, etc. 

99 

1‘hylloporia bistrigella Flw. Bare. Larva on birch 

Three or four species of uniden- 
tified larvae 

COI.EOPTERA 

Beetle 

Adalia bipunetata L. 

Very abundant. Mostly as larvae. Para- 
sitised by I ’halacrotophora 


Deporaus bctulae L. 

Common. Birch feeder 

9f 

Lupefus rufipes Seop. 

Abundant. Birch feeder 


Malthinus puiH'-tatus F. 

(Carnivorous. Common 

ff 

Orchestes rusci Hbst. 

Bare. Birch fr'cdcr 


i’hyllobius maculieornis Germ. 

(Common. Birch feialer 

ff 

Bhaniphus flavicornis Clair. 

Abundant. Birch feeder 

9f 

Bhynchites harwoodi Joy. 

Common. Birch feeder 

9f 

H. nanus Pk. 

Abundant. Birch feeder 

99 

Strophosonius coryli F. Common. Birch feeder 

Hemiptera 


Psallus betuh’li Fall. 

(Common. Birch feeder 

AphidoB 

Unidentified, but very abundant 


Loafhojiper 

Empoasca srnaragdula Fall. 

Abundant. Bindi feeder 

Oncopsis flavitrollis L. 

,, „ 


O. rufuseulus Fieb. 

CCommon. Birch feeder 


Typhlocyba sp. Abundant. Birch feeder 

Table VII. Decidaom wood eominunity. 

Most of the Species recorded in Table VI are not repeated here. 

* — Species characteristic of oldcii- woods 
^—Species lasting into the pine wood 

Hymen oi'TERA 

l)iii:Sor wasp 

Cerceris arenaria L. 

Prt^ys on weevils on oak and birch. Cf. 
Table I 

Sawfly 

Crof^sus septentrionalis L. 

T^arva on deciduous trees, e.g. birch 

l*araHiti(^ wasp 

Exochilum brevicome Gr. 

Parasite' of caterj)illar8 

SawHy 

Fenusa jiygmatui. Kl. 

Larva mines birch leaves (young birches) 

Digger wasp 

Mel linns arvensis L. 

Hunts for flies. Cf. Table I 

Sawfly 

Monophadnus albipt^s Gmel. 

Larva on birch (young birches)* 

,, 

Paururus noctilio R 

Larva on biroli ( wood) 

Digger wasp 

Passaloecus insignis V.deL. 

Hunts for aphids on oak and birch 

,, 

I’sen unicolor V.deL. 

Hunts for Homoptora. C^f. Table 

Sawily 

Seolioneura betuleti King. 

Larva on birch (young birches) 

AV as j) 

Vespa germanica Fab. 

Nesting. Carnivorous § 

» 

V. vulgaris L. 

»» § 
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Table VII (continued). 

DiPTKIiA 


Fly 

Chrysopilua cristatus F. 

Larva carnivorous and subterranean 

Dioctria atricapilla Mg. 

Carnivorous 


D. hyalipennis F. (fiavipes) 

»> 


Hylos culiciformis F. 


99 

H. femoratus Mull. 


99 

Mesembrina looridiana L. 

8cavengor 

99 

Medeterus trunconim Mg. 

Carnivorous on trunks*^ 


Ocdalea holmgreni Ztt. 

Carnivorous 

,, 

Pipunculufl zonatus Zett. 

Parasite of Hornoptera 


Platycnema pulicaria Fall. 



iSciapus platypterus Lw. 

V Carnivorous 

99 

8phacrophoria scripta L. 

Larva on aphides 

9^ 

Syrphus torvus 0.8. 

„ § 


8. trieinotus Fall. 

99 99 


Volucella pelluceiis L. 

Commensal of wasps 


Lkpidoi»tf3RA 

Moth 

Acalla ferrugana Tr. 

Larva on birch, abundant in rolled leaves 
of young birches. Autumn 1925 


Acidalia aversata L. 

Larva on herbs § 

- 

Acronycta psi L. 

Larva on deciduous trees. Pupa under 
chestnut bark 

Butterfly 

Adopaca sylvanus Esp. 

Larva on grasses. Adult on flowers, e.g. 
Rubus 

Moth 

Agrotis pronuba L. 

Larva on herbs 


Aplecta nebulosa Esp. 

Larva on deciduous trees 


Argyresthia brockeella 

Larva on alder 


A. geodartella L. 

l^arva on alder and birch § 

99 

A. glaucinella Z. 

Larva on oak bark 

99 

A. retinella Z. 

Larva on birch § 


Boarniia coiisortaria F. 

Larva on oak 

99 

B. gem 111 aria Brahm. 

Larva, on deciduous trees § 

99 

Borkhausenia lunaris Hw. 

Larva on decayed wood 


Cacoccia lecheana L. 

Larva on (h^ciiluous trees 

99 

C. xylosteana L. 

99 99 

99 

Cabora pusaria L. 


99 

Camptogramma bilincata 1^. 
C^apua angustiorana llw. 

I^arva on lierbs 

,, 

Larv«a on deciduous trees 


(Jaroina quercana F. 

Larva on oak 


Chimabaehe fagella F. 

T»ai’va on deciduous trees 

Butterfly 

Celastrina argiolus Iv. 

Larva on holly and ivy 

Moth 

Coleophora bicolorella 8tt. ? 

C. lutipeniif^lla Z. 

Larva on bin li and alder (young birches) 

,, 

Larva on oak 

99 

Cramlius pinellus L. 

Larva on ? grasses 


Elachista cygnipenriella fib. 

Larva on grasses 


Endotriclia flamnu'alia 8cliiff. 

Larva on dead leaves 


Epiblema bilunaua Hw. 

Larva on birch catkins § 

99 

E. similana Hb. 

Larva on birch (young birches) 

99 

E. solandriana L. 

Larva on abler 

99 

Eriocrama sp. undescribed 

Larva on birch (young birches 3-4 years) 

99 

E. purpurella Hw. 


E. salopiella Stt. 

,, ,, ,, 

,, 

E. senipurpurella 8tph. 

,, ,, ,, 

,, 

E. unimaculella Zett. 

>> ,, 


Euchluris pustulata Hufii. 

Larva on oak 


Euchocca obliterata Hufn. 

Larva on alder 

,, 

Eupoecilia iiana Hw. 

Larv.a in catkins of birch 


Fumoa oasta Pall. 

Larva feeds on refuse, pupates on trunks’'‘§ 

99 

Gelechia luculella Hb. 

Larva on oak 

99 

G. proximella Hb. 

Larva on birch 


G. umbrosella Z. 

Larva on mosses 

99 

Geometra papilionaria L. 

Larva on deciduous trees 

Butterfly 

Gonepteryx rhamni L. 
Gracilaria alchiraiella Sa. 

Larva on Hhamnus 

Moth 

Larva on oak 


(Jrapholitha ramella L. 

Larva on birch (young birches) 

,, 

G. trimaculana Don, 

Larva on elm 


17—2 
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Moth 


Beetle 


Bug 

99 


Ix^afhopper 

Psyllid 

Lace wing 
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Table VII (continued). 


Lkpidoptbea 


Hedy a dealbana Frol. 

H. occllana F. 

Heliozcle botulae Stt. 
Incurvaria muacalella F. 

I. pectinea Hw. 

Larentia viridaria F. 
Lithocolletia faginella Z. 

L. messaniella Z. 

L. quorcifoliella Z. 

L. ulmifoliella Hb. 

Liiflia ferchaultella Steph. 
Lyonetia clerckella L. 

Monopis feniginella Hb. 
Notocelia uddmanniana L. 
Oleuthreutes corticana Hb. 

(). lacunana Dup. 

Omix betulae Stt. 

Pandemifl ribcana Hb. 
Paediflca corticana Hb. 
Phalera bucephala L. 

Salebria betulae Goeze. 
Scoparia ambigualia Tr. 

S. freqiientella Stt. 
Swammcrdamia heroldella Tr. 
Talaeporia tiibulosa Retz. 
Tinea parasitella Hb. 

T. semifulvella Hw. 

Tiflcheria complanella Hb. 
Tortrix loeflingiana L. 

T. viridana L. 

Xonolcchia humeralis Z. 


Larva on sycamore 
Larva on deciduous trees 
Larva on birch (young birches) 

Larva on Rosaoeao 

Larva on birch (young birches) 

Larva on galiun 
Larva on beech 
Larva on oak 
>» 

Larva on birch (young birches) 

Larva on Ixjcanora varia, etc., on trunks*§ 
Larva on deciduous trees 
? 

Larva on Ruhus 
Larva on birch 
Larva on Rubust etc. 

Larva on birch (young birches) 

Larva on deciduous trees 
Larva on oak 

Larva on birch, etc., defoliating a young 
birch in vii. 23 

Larva on birch (young birches) 

Larva on moss. Adult hides on trunk8*§ 

♦» »» »» 

Larva on birch. Adult hides on trunks 
Larva on lichens on trunks* § 

Larva in birds’ nests 
»» »» 

Larva on oak 

Larva on deciduous trees (young birches) § 
Larva on oak 
? 


COLEOPTERA 


Athens haemorrhoidalis F. 

Attelabus curculionides L. 

‘Byturus tomentosus F. 

Coccinella 7 -punctata L. 

C. 1 0-pun ctata L. 

Cryptocephalus parvulus Mull. 

Ernobius mollis L. (agg.) 

Halyzia 1 8-guttata L. 

Hoplia philanthus Fiiss. 

Liiperus nifipes Scop. 

Phyllobius argentatus L. 

P. pyri L. 

I’hyllodecta vitellinae L. 

Rhagonyclia fulva Scop. 

S(*ri<ui brunnea L. 

Strangalia armata Hbst. 

Hemiptera 

Aetorhinus angulattis Fall. Young birches 

Anthocoris nemorum L. 

Deraeocoris ruber L. 

Orthotylus flavinervis Kb. 

Plagiognathus chrysanthomi 
Wolff. 

P. ar bus to rum F. 

Aphrophora alni Fall. 

Batracomorphus lanio L. 

Psylla fbrsteri Flor. 


Larva on roots § 

Larva on young oak 
Larva in Aowors of Ruhus 
Larva feeds on aphides § 

»» § 
Larva on birch 
? 

Larva on aphides § 

Larva on roots of plants 
Birch 

Deciduous trees 

§ 

Larvae on aspen 
Predaceous 
Larva on roots 
Larva on decaying wood 


Aphides 
Ruhus and various herbs 
Alder 

Various herbs 


Various herbs (e.g. Teucrium) 

Deciduous trees 

Oak 

Alder 


Chrysopa jxvrla L. 

Oh. vulgaris Schneider 


Neuroptera 

Larva on aphids (young birches) 
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Mite 

Spider 

Cuckoo 

Robin 

Jay 

Green Wood- 
pecker 
Stonechat 

Mouse 


Table VII {continued) 

Acarina 

Eriophyes nalepai Focken Gall on alder 

AltAOllNIDA 

Epeira diadema L. Web on young birches 

Aves 

Cuculus canorus canoriis L. Insects 

Erithacus rubecula melophilus „ 

Hart. 

Garmlus glandarius rufitergura Mainly a general carnivore*§ 
Hart. 

Pious viridis virescens Brohm. Ants, etc.*§ 

Saxicola torquatus hibemaus Mainly insects 

Hart. 

Mammalia 

Apodemus silvaticus L. (Probably) mainly herbivorous 


Table VIII. Inhabitants of Polyporus betulinus 

llYMENOrTEKA 

A Proctotrupid beetle parasite 

(k)LEOPTKKA 

Beetle Atheta aequata Er. 

„ A. cauta (parva) Er. 

„ A. fungivora Th. 

„ A. sericea Mills, 

„ Cis bilanimellatus Wood. 

„ Coninomus nodifer Westw, 

„ Litargus connexus Gooff, (bifasciatus) 

„ Octotemnus glabriculus Gyll. 

„ Proteinus ovalis Stciph. 

COLLEMBOLA 

Springtail Collombola common 

Table IX. 

Animals under bark of dead birches (B.), and chestnuts (C.) 
UllTERA 


Fly 

Larva of Forcipomyia pallida C. (B. 

Winn. 

COLBOPTERA 

? samii species). Scavenger 

Beetle 

Atheta aequata Er. 

B. 

Scavenger 


Cerylon histeroides F. 

B. 

Larva carnivorous 

»> 

Cis vestitus Mel. 

B. 

Fungus eater 

tt 

C. villosulus Marsh. 

B. 

ft 

Ditoma crenata F. 

B. 

Larva carnivorous 

»» 

Dromius quadrinotatus Pz. 

C. 

Carnivorous 

»» 

Helops striatus Fourc. 

C. 

? Scavenger. Larva, cf. Table II 


Homalium rivulare Pk. 

C. 

? Carnivorous 

» 

Litargus connexus Geoff, 
(bifasciatus) 

C. B. 

Fungus eater 


Melasis buprostoides L. 

C, 

Rotten wood of deciduous trees 

»» 

Ocypus morio Gr. 

C. 

Carnivorous 

» 

Ptoryx sutu rails Heer. 

B. 

Fungus eater 


Phyllodrepa vilis Er. 

C. 

Fungus eater? or carnivorous 

f9 

Rhinosimus planirostris F. 

C. 

? 

w 

Rhizophagus bipustulatus F. 

C. B. 

Carnivorous on bark beetles 

»» 

Scolytus intricatus Ratz. 

C. 

Wood of deciduous trees 


Silpha atrata L. 

C. 

? Carnivorous 

f* 

Silvanus unidentatus 01, 

B. 

Larva ? carnivorous 

»> 

Thectura cuspidata Er. 

B. 

Feeds on Collembola 


? Carnivorous 

Fungus 

>> 

? C^arnivorous 
Vegetarian and scavenger 
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Bug 

ff 

Spring tails 

Snake ily 
Spider 

Woodlouse 

Slug 

Snails 

Fly 

Beetle 

ff 

Centipede 

Woodlouse 

Slugs 

Mouse 
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Table IX (continued). 


Hemiptera 

Aneuris laevis F. C. ? 

Piezostethus cursitans Fall. B. ? Carnivorous 

Xylocoris ater Duf. C. „ 

CoLLEMBOLA 

Collembola (unnamed) abundant C. B. Wood and fungus 


Thysa^jopteba 

Thrips (unnamed bark species) C. ? 


Khaphidia sp. 


Neuroptera 

C. B. Larva carnivorous under bark 


Akachnida 


Epeira umbra tioa Clk. 

C. 

Saltieus scenicus Clk. 

C. 

Zilla atrica C.L.K. 

C. 


Lives under bark, but catches insects 
from outside 

Hibernates under bark, in summer 
Inints on trunks 
Carnivorous 


Crustacea 

IMiiioscia musoorum Swp. C. Scavenger and 'i carnivorous 

l*orcellio scaber Latr. C. B. „ ,, 

Mollusoa 

Arion subfuscus Drap. C. B. Scavenger 

Limax maximus L. B. „ 

Polita alliaria Mull. B. ,, ? 


Table X. Animals found in Molinia with dead birch leaves. 

Inner circle 26. xii. 25. 

Diptera 

Limosina moesta Villen. ? Scavenger; abundant 

Coleopteea 

Notiopliilus biguttatus F. Carnivorous 

Olophrum piceum Gyll. „ V 

Othius myrmecophilus Kies. „ ? 

Chilognatka 

Scolopendra sp. Carnivorous. Common 

Crustacea 

Pliiloseia muscorum Scop. Scavenger and carnivorous. Common 

Mollusca 

Eggs probably of slugs Common 

Mammalia 

Apoderaus silvaticus L. (probably) Runs very numerous. Mainly vegetarian 


Table XL Insect visitors of Teucrium scorodouia. 

M. = Male. P. = Female. W. = Worker 
Hymenoptera 

Humble Bee Bombus agrorum F. W. Common 

„ B. hortorum L. M. „ 

„ B. lapidarius L. M. 

„ B. lucorum L. M. 

„ B. ruderarius Mull, (derhamellus K.) W. 

Bee Saropoda bimaculata Pz. M. F. Common 

Diptera 

Fly Hylos ouliciformis F. 


Cf. Table VII 
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E. The Great Hollow, 


In its animals, just as in its plants, this area has a special character. The 
greater number of the animal communities on the Common are represented 
in it. It is of interest to note that just as colonisation by oak, birch, and 
Castanea has proceeded further here than elsewhere, so the animals of deciduous 
woods are better represented. Some, such as Scoparia spp., are mainly typical 
of older woods, and others such as Endotricha Schiff., do not 

arrive, as a rule, till fairly late in succession. The ])eculiar character of the 
hollow, however, is probably most clearly seen in the greater abundance of 
insect life in general. I'liis it probably owes mainly to its sheltered position, 
but partly to the fact that it acts as a trap to many of the smaller forms. The 
damp spots at the bottom of the hollow, besides allowing J uncus to grow, 
support several animals which are characteristic of the wetter areas (see 
Table XII). 



Fin, 1. Food-cyclo on young pino. 


At the other end of succession ther(> has been a considerable growth of 
Pinus and a number of ])ine insects have been recorded. The regular pine 
ant, however, Forniica rufa L. has not yet arrived. The most important 
herbivore on the pines is the aphid Dilachnus pirn L. Tliis is fed on by bugs 
(Anlhocoris nemorum L.), ladybirds, and syrphid larvae. Spiders build their 
webs all over the pines and catch the winged individuals of the aphides, and 
also the adults of their enemies. The various digger wasps which visit the 
aphides for their secretions also get caught by the spiders. Finally digger 
wasps prey on the spiders. Such a community can be found on most of the 
young pines, even isolated ones in the damp areas, but is best developed in 
the Great Hollow. A rough diagram of the food relations is given in Fig. 1 : 
the species concerned will be found in Table XIII. 

Probably parasites rather than carnivores are the main check on many of 
the animals. But since the parasites are probably often controlled by carni- 
vores the diagram represents a broad approximation to the truth. Thus, when 
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a spider is said to eat a moth, it may often eat mainly the parasites of the moth. 
As far as the total food supply is concerned the result is the same. The moth 
Retinia which feeds on the pine is particularly important because the larvae 
destroys the growing tip; if the moth were sufficiently abundant it might 
retard growth enough to modify or at least slow down succession. 

When Pinus invades a birch scrub successfully a few of the birches 
generally survive in the pinewood. These continue to support a number of 
the birch insects; in Table VII such insects, still remaining in the pinewood 
at Oxshott, are marked with a symbol. 

Table XII. Animals typical of wetter areas which occur in the 
Great Hollow, 

Lepidoptera 


Moth 

Coloophora caespititiella Z. Larva on J uncus effusus 


CoLEOPTBRA 

Beetle 

Crepidodera ferruginea Scop. Vegetarian 

Cytilus vaiius F. ¥ 

Hemipteea 

Bug 

Leafhopper 

Nabis rugosus L. Carnivorous 

Philaenus lineatus L. Vegetarian 


Amphibia 

Toad 

Bufo vulgaris aur. L. (?) Young (perhaps really the Natterjack B. 

calamita Laur. ) 


Table XIII. Animals on young fines in the Great Hollow, 


Ant 

Digger wasp 
Ant 

Digger wasp 

9f 


99 

Bees 

Parasitic wasps 

Fly 

Moth 

»i 

>» 

Ladybird 

ff 

99 

Beetle 

Bug 

Aphid 

Spider 


Hymenoptera 
Acanthomyops niger L. 

Crossocerus wosmaeli V. de Lind. 
Formica fusca L. 

Oxybelus uniglumis L. 
Psammochares fusous L. (viaticus) 
and spp. 

Psen spp. 

Sphox sabulosa L. 

Various bees coming to secretions 
of aphides caught by spiders 
Numerous ichneumons (unnamed) 
are similarly caught 

Diptera 

Syrphus vitripennis Mg. and spp. 

Lepidoptera 

Gelechia dodecella L. 

Ocnerostoma piniariella Z. 

Panolis griseovariegata Goeze 
Retinia buoliana Schiff. 

COLBOFrEBA 

Adalia bipunctata L. 

Anatis ooellata L. 

CoccinoUa 7-punctata L. 

Exochamus quadripustulatus L. 
Myelopliilus piniperda L. 

Anthocoris nemorum L. 

Dilachnus pini L. 

Araohnida 

Agelena labynnthica Cl. 

Lmyphia triangularis CL 


Secretions of aphides 
Secretions of aphides. Cf. Table I 

>> fi tt 

»» »» »» 
Catches spiders for its larvae 

Secretions of aphides 
Caterpillars, e.g. larva of Panolis 


Larva on aphides 

Itarva on Pinus 
»» 
ff 
ff 

Aphides 

99 

Burrows in shoots of Pinus 

Apliides 

Pinus. (Probably there are other 
species of aphides) 

Insects. Very common in summer 

Insects. Autumn 
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2. DAMP SERIES 
A. Aquatic communities. 

The Black Pond is the only large permanent body of water on the Common 
and has a rich aquatic life, forming a relatively self-contained community, 
which, however, has scarcely been studied. The dragonflies which breed 
there range all over the Common, becoming more abundant as the pond is 
approached, so that there must be a gradient in whatever biotic effects these 
highly carnivorous insects produce. Most of the dragonflies recorded have 
been seen by me and are common; others are recorded by Lucas (1900) as 
common at the right time of the year. A number of other species, only 
occurring as strays, have not been included. The incompleteness of the 
records for the Black Pond is obvious in the list, where practically no food 
for the various carnivores is recorded. The reed swamp on the edge of the 
pond, also, has not been much investigated; the data for the pond and its 
margin are given in Tables XIV and XV. The Black Pond is of further 
importance in being at least the main source of insects for all the temporary 
pools. 

These pools fall into a number of classes depending on their degree of 
permanence (which is usually correlated with their depth) and their distance 
from the Black Pond. 

The shallower pools were first developed on the bare burnt soil of the 
Molinietum. When they dried up a dense carpet of Funaria^ and later 
Polytrichum, was formed. If shallow pools are formed on this carpet they are 
unfavourable to animal life, and in any case the moss is so absorbent that 
there is little free water. Such pools, therefore, are a feature of early stages 
in succession (see Table XVI). 

Deeper pools (9 in. to ft.) are much more permanent, but they may dry 
up completely two or three times in the course of the summer. When they 
dry up they are carpeted by J uncus supinus, not by mosses. Such pools 
occur throughout the Molinietum and they have quite a rich fauna, especially 
when situated near the Black Pond. A number of insects are able to breed 
in the deeper pools and not in the shallower pools. The number of kinds and 
individuals of insects present depends directly on the length of time since the 
pool was last dried up. At the end of the wet summer of 1924 they had a 
particularly rich fauna (see Tables XVII and XVIII). 

The work of Harnisch (1925) in Germany, Wesenberg-Lund (1921) in 
Denmark and Johannsen (1921) in Arctic Canada, shows that the community 
inhabiting such pools is very similar throughout the northern palaearctic 
region. Wesenberg-Lund has given an interesting account of the enemies of 
the mosquito larvae and pupae which are one of the main links in the food 
chain. A very tentative and incomplete food-cycle for the pools is given in 
the diagram (Fig. 2). The food relations are complicated because, in the case 
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of most water beetles and other aquatic insect larvae, it is almost certain that 
the main factor deciding the food of the carnivore is its size. Many larvae 
are cannibals and will eat smaller larvae of their own species. A scheme has 
been adopted which attempts to show the relation of size to the food chain. 
Among the beetles there are three main sizes, though these are not, of course, 
sharply marked of!, represented by Hydroporus, Agabus and Colymheles- 
Dytiscm respectively. The largest type of larva, of course, grows through all 
the other sizes. In the diagram the thick vertical line represents the surface 
of the water. The horizontal line divides the aquatic community into carni- 
vores and refuse-eaters. The vertical dotted lines divide the animals into four 
size-groups, representing either different sizes of the adults, or sizes passed 
through by growing larvae. The carnivores in any one size-group will eat all 
the carnivores smaller than themselves, and any refuse-eater up to their own 
size. Thus a carnivore will eat any other carnivore to the left of it in the 
diagram and any refuse feeder to the left of it or vertically beneath. Further 
investigation would probably show that specialisation exists amongst the 
carnivores in their choice of food and also perhaps that the largest forms would 
neglect the smallest food animals and only pay attention to those nearer to 
them in size. 


Table XIV. Animals noticed in the Black Pond, 


Buga Arctocorisa fabricii Fieb. 

„ A. Jiieroglyphica Duf. 

,, A. moeata Fieb. 

„ Callicorixa praousta Fiob. 

„ Corixa geotiroyi Loach 


Caddia Phryganea varia F. 

„ Polycentropodidae ? sp. 


Hemiptera 

Scavenger and ? partly carnivorous 


Tkiciioptera 
Larva carnivorous 


Odonata 


Dragonfly Aeachna cyanea Miill. 

A. grandis L. 

A. juncca L. 

A. mixta L, 

A g lion puella L. 

Anax iniperator Leach 
Cordiilia aenea L. 

Enallagma cyathigerum 
Charp. 

Leucorriinia dubia Lind. 
Libollula dopressa L. 

L. quadrimaculata L. 
l*yrrhosoma nymphyla JSulz. 
P. tenella Vill. 

Sympetnim scoticum Don. 


Larva carnivorous. Adult camivorous above pond, etc. 


Moorhen Gallinula chloropus ohloro- 
pus L. 

Coot Fulica atra atra L. 


Aves 

Mainly aquatic plants 
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Table XV. Animals in the reed swamf at the edge of the Black Pond. 

Dipteba 

Fly Leptis soolopaoea L. Larva subterranean, carnivorous. Adult carnivorous 

Lepidopteba 

Moth Orambus pascuellus L. Larva on grasses 

„ C. pratcUus L. „ , 

„ C. tristellus F. „ 

COLEOPTEBA 

Beetle Acupalpus meridianus L. Carnivorous 

„ Coccidula rufa Abst. „ 

„ C. scutellata Hbst. „ 

„ Cyphon padi L. Larva aquatic ? carnivorous 

„ Plectrosoelis concinna Marsh. Crucifcrae 

Aves 

Snipe Capolla gallinago gallinago L. Subaquatic insects, worms, etc. 

Table XVI. Shallow temporary pools. 

COLKOPTBBA 

Beetle Agabus bipustulatus L. Carnivorous 

„ Helophorus affinis Marsh. ? Vegetarian. This species may even occur in foot- 

marks 

„ Hydropoms melanarius Stm. Carnivorous 

„ H. planus F. „ 

„ H. pubescens Gyll. Carnivorous. This species may aestivate in the dried 

mud 


Table XVII. Deeper temporary pools with Juncus supinus. 


Dipteba 


Mosquito Aodes annulipes Mg. 

Gnats Ciiironomids. None identified 

Fly Caenia albula Mg. 

„ Campsicneraus scambus Fall. 

„ Dolichopus vitripennis Mg. 

„ Hydrophorus bipunctatus Lehm. 

„ Octhera mantis DeG. 


Larva vegetarian and scavenger 

? Adult on the surface 
Carnivorous, on the surface 


Acilus sulcatus L. 

Agabus chalconotus Pz. 

A. bipustulatus L. 
Anacaena limbata F. 
Berosus luridus L. 
Colymbetes fuscus L. 
Dytiscus marginalis L. 
Gyrinus natator Scop. 
Holochares punctatus Shp. 
Helophorus affinis Marsh 
Hydropoms discretus Fair. 
H. erythrocephaluB L. 

H. gyllenhali Schiodte 
H. neglectus Schaum. 

H. planus F. 

H. pubescens Gyll. 

Ibybius aenescens Th. 
Rhantus bistriatus Berg. 
R. pulverosus Steph. 


COLEOPTEBA 


Carnivorous, on the surface 
Carnivorous (especially where there is much 
dead grass) 

Carnivorous. Very common 
? Vegetarian 

tt 

Carnivorous. Common 

Carnivorous, on the surface 
? Vegetarian 
»» 

? Carnivorous 

„ Common 


Carnivorous 


Common 
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Table XVII {continued) 


Bug Arctocorisa fabricii Fieb. 

A. fallenii Fieb. 

A. hieroglyphica Duf. 

A. limitata Fieb. 

A. moesta Fieb. 

A. Bahlbergi Fieb. 

A. seraistriata Fieb. 

A. striata L. 

Callicorixa praousta Fieb. 

Corixa geofiProyi Leach 
Hygrotrechus (Gerris) paludum F. 
Limnotrechus (G.) gibbifer Schum. 
L. lacustris L. 

L. odontogaster Zett. 

Notonecta furcata F. 

N. glauca L. 

N. nalophila Edw. (viridis Dele.) 
N. maculata F. 


Hemiptera 

? Scavenger and partly carnivorous. Common 


Carnivorous, on the surface 


Common 

Common 


Common 


Common 


Carnivorous 


Common 

Common 


Mayfly Chloeon dipterum L. 


Epiikmeroptera 

Larva vegetarian 
Odonata 


Dragonfly Sympetrum sp. 
Spider Tetragnatha sp. 

Frog Rana temporaria L. 


Larva carnivorous 
Arachnida 

Carnivorous, on rushes at edge 
Amphibia 

Carnivorous (not breeding hero?) 


Table XVIII, In Juncus supinus of dried fools. 

Lepidopteea 


Moth 

Coleophora glaucicolella Wood 
Gliphiptoryx thrasonella Scop. 

Larva on Juncus 

,, Abundant 


Coleoptera 


Beetle 

Aculpalpis dorsalis F. 

Bombidium lampros Hbst. 
rterostiohus diligens Stm. 

P. nigrita F. 

Hemiptera 

Carnivorous 

Bug 

Acanthia aaltatoria L. 
Limnotrechus gibbifer Schum. 

Carnivorous 

(Aestivating) 


Crustacea 


Woodlouse 

Porcellio scabor Latr. 

Scavenger and carnivorous 


Arachnida 


Spider 

Erigone atra Bl. 

Carnivorous 


Another set of animals lives in the drains that were dug across the Common 
after felling. In the drains which are choked with dead leaves of Molinia 
the only insect that has been noted is the beetle Agabus chalconotus St. Many 
of the drains however are more like small streams and have a proper aquatic 
vegetation, consisting of Glyceria flMitans, Polygonum 'polygonifolius and much 
Spirogyra. Similar ditches on other London heaths have been found to have 
a nearly identical fauna (Table XIX). The edge of these drains has also a 
very characteristic set of animals, some of which are found nowhere else on 
the Common (Table XX). A number of flies with aquatic or semi-aquatic 
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larvae probably breed in these ditches. The adults are either flower-haunting 
bee-flies (Eristalis) or blood-suckers (Tabanids) and are found all over the 
Common. The species that have been recorded are given in Table XXI. 


Table XIX. Insects in the ditches. 


Diptkba 


Fly 

Gymnoptomus nanus Mcq. Carnivorous 22 

Hydrellia griscola Fall. Larva on grasses 11 

Limosina humida Hal. ? 24 

Par hydra aquila Fall. ? 2 

F. coarctata Fall. ? 2 

Stream with dense growth of 
OlyceHa in the mixed wood. 

. The numbers give proportions 
of a random sample from the 
surface 


F. <piadri punctata Mg. 

V S) 

COLEOPTERA 

Beetle 

Agabus bipustulatus L. 

Carnivorous 



A sturmii Gy 11. 

,, Common 



Anacaena globulus Pk. 

? Vc:g(‘tarian 



A. limbata F. 



Holophorus affinis Marsh. 

>> 



Hydrobius fuscipes L. 

Hemiptera 


Bug 

Arctocorisa fabricii Fieb. 

Scavenger and *? partly carnivorous 

,, 

A. sahlbergi Fieb. 

,, ,, 



Velia currens F. 

Carnivorous, on the surface 

OnONATA 

Dragonfly 

Aeschna juncea L. la. 

(jarnivorous 


Aghonki la. 

Trtchoptera 


Caddis 

Folycentropodidao la. 

Carnivorous 



Table XX. In vegetation at the edges of ditches. 


Bootle 


Springiails 

Woodlouse 

Spider 


(yOLEOPTERA 
Agononum oblongum F. 

Bo rubidium lam pros iibst. 
Lathrolrium bruTiiiipos F. 

Jv. torminatum Gr. 

Olophrum piceiim Gyll. 
rtoi’o.stiebus minor G.yll. 

B. Htreiiuns Pz. 

Stoniis ossium Steph. 

S. rf)geri Kr. 

COLEKMBOLA 
Collom bola common 

Cbustacka 
Porcollio scaber Latr. 

Araohnida 

Ccntromenis prudens Oambr. 
Walckoraera niidipalpift Westr, 


Carnivorous 

„ Common 

,, Common 


Vc’igetarian anti scavongors 
Scavenger and partly carnivorous 
Carnivorous 


Table XXL Diptera ivilh aquatic or subaquatic larvae. 


Larva carnivorous. Bloodsucker 
Larva scavenger. On flowers 


Fly (flrrysops coocutions ij. 

,, Fristalis arbustorum L. 

,, E. iiitricaiius L. 

,, E. pertinax Scop. 

„ E. tenax L. 

,, Haematopota pluvialis L. 

,, Helophilus liybridus Lw. 

,, Sericomyia borealis Fall. 

», Tabanus bromius 1j. 

„ T. sudeticus Z. 

Therioplectes distinguendus Verr. 

„ T. tropicus Mg. var. bisignatus Jaenn. 


Larva carnivorous. Adult a bloodsucker 
Larva scavenger. Adult on flowers 
»» >> »♦ 

Larva carnivorous. Adult a bloodsucker 
»> »> 

»♦ »» 

>» »» ft 
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B. Sphagnetum. 

Although this has not been much investigated, it is certainly poorly 
represented at Oxshott. N early all the Spluigmim was shaded by heavy woods 
before felling and so was unsuitable, and since the felling animals have been 
slow in arriving. The only insects that have been noted are the beetle Cydo- 
notuni orhiculare F. and the bug Micronelia reticulata Burm. No doubt there 
is a large microfauna. 

C. Succession on bare, wet areas. 

In the earlier stages of succession there is no distinction in habitat between 
bare, wet areas and the margins of pools. Gradually, however, mosses form 
a carpet, which, when dense, becomes the habitat of a difTerent set of animals. 
The animals characteristic of the early stages of succession still hang on at 
pool margins, in dried up pools and at damp spots on the paths. In the late 
summer of 1922 bare, wet areas were very extensive and the animals were 
those of a pond margin (c.g. Loricera, Benibidiiini spp.). In the winter of 
1 922-3 the ground was much flooded and the Anchomen us, Loricera, Notiophiliis 
biguUatm F. and Acanlhia were found hibernating under pine bark above the 
water level. In the summer of 1923 the bare areas were much smaller owing to 
the spread of Fimana hygromeirica ; many of the pioneers, however, will tolerate 
the moss when it is short. The growth of moss is not regular, and does not 
begin quickly on areas often flooded, so that some bare areas existed in 192*^. 

In any spot where succession was watched Beatbidium lamproa Hbst. and 
PteroHtichiis diligcm Stm. came in with the mosses and soon became abundant. 
The latter beetle hibernates in Polytrlchfni^ and not under pine bark. In 1924 
the animals characteristic of bare, damp areas were much scarcer and various 
new animals appeared. Probably the community eventually changes into one 
of the normal damp ground series, but this has not yet happened in the places 
that have been watched. Polyirichim at any rate can remain as a local 
dominant for some years. These facts are summarised in Table XXII. The 
four stages shown are (1) the bare ground stage, (2) young Fimaria, (3) 
Fimana, Ceratodon and PolylricJivm, (4) Polytrichum, Ceratodon may be the 
main moss where the ground is a little drier, and here the digger wasps 
Priocnemis panmlus Dahlb. (commonly), Psammockares f uscun 1^. (viaticus) and 
Gorytes quadrifa^sciatus F. are found nesting. 

The arrival of Carabus, the large apterous predaceous beetle, is probably 
partly correlated with the first abundance of molluscs and earthworms on 
which it commonly feeds. All these forms are mainly found under bark of 
pine, etc., in the damp areas, but come out at night. In the following table the 


correlation between the arrivals is shown : 




Molluscs 

Limax maximus 

1923 

A few 

1924 

A few 

1925 

Common 


Arion ater L. 

A. subfuBcua Drap. 

Polita alliaria MiilL 

- 

Common 

A few 

Earthworms 


— 

A few 

Common 

Beetle 

Carabus catenulatus Sepp. 

— 

One 
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Table XXII. Succession on bare, wd areas. 


l=Summer 1922. 2 = Summer 1923. 3=Summer 1924. 4=Summer 1926 



COLEOPTERA 





Beetle 

Amara lunicollis Schiddte 

Carnivorous 

— 

2 

— 

— 


Anchromenus 6-punctatu8 L. 

99 

1 

2 

3 

— 


Bcmbidium biguttatus F. 

99 

— 

2 

— 

— 


B. bruxellense Wesm. 

99 

1 

— 

— 

— 


B. lampros Hbst. 

99 

1 

2. 

3 

4 

> 

B. riparium 01. 

99 

1 

— 

— 

— 


Carabus catennlatus Scop. 

99 

— 

— 

— 

4 


(Jytilus varius F. 

? 

1 

2 

— 

4 


Iialtica oleracoa L. 

Larva on Epilohium 

— 

— 

3 

4 

99 

Loricera pilicomis F. 

Carnivorous 

1 

— 

— 

— 


Megastemiim boletophagum Marsh 

Scavenger 

— 

— 

— 

4 

99 

Notiophilus biguttatus F. 

Carnivorous 

1 

2 

3 

4 

99 

N. palustris I)uft. 

99 

1 

— 

— 

— 

99 

Pterostichus angustatus Duft. 

99 

— 

— 

3 

— 

99 

P. diligens Stm. 


— 

2 

3 

— 

99 

P. nigrita F. 

99 

— 

2 

— 

— 

99 

Stenus longitarsis Th. 

99 

1 

— 

— 

— 

99 

S. rogeri Kr. 

99 

1 

— 

— 

— 

99 

Tachyporus chrysomclinua L. 


1 

V 

3 

— 

99 

T. hypnorum F. 


1 

? 

3 

— 


Hemiptera 





Bujr 

Acanthia saltatoria L. 

Camivonis ? 

1 

2 

— 

— 


Nabis rugosiis L. 

,, 

— 

— 

3 

— 


Trapozonotus arenarius L. 

? 

1 

? 

— 

— 


COLLEMBOLA 





Springtails 

Collembola abundant 

Vegetarian 

? 

V 

? 

4 


Ortiioptbra 





Grasshopper 

Tettix bipunctatua L. 

Vegetarian 

1 

2 

— 

— 


Crustaoea 





Woodlouse 

Porcellio scaber Latr. 

Scavenger and ? car- 

— 

— 

— 

4 



nivorous 






Arachnid A 





Spider 

Erigone atra Bl. 

Carnivorous 

— 

2 

— 

: — 

99 

Lyeosa amenta ta Cl. 

99 

1 

— 

— 

— 

99 

Oedothorax fiisous BI. 

99 

— 

2 

— 




Pirata piraticus Cl. 

99 

1 

— 

— 

— 


Tarontula barpipea Sund. 

99 

1 

— 

— 

— 

99 

Trochosa niricola OoG. 

9» 

1 

— 

— 

— 

99 

Young of Lyeosa, Tibolliis, Pirata 

99 

1 

— 

— 

— 

99 

Young of Xysticua sp. 

99 

1 

? 

? 

4 


Annelida 





Earthworms 


Vegetarian 

— 

— 

— 

4 


Mollusca 





Shig 

Liinax maximus L. 

Scavenger 







4 

Snail 

Polita alliaria Mull. 

? Carnivorous 

— 

— 

— 

4 


D. Molinietum. 

Before the fire in 1921 there was an extensive growth of Molinia and, 
since much of it was not destroyed, the animal community connected with 
it was fully developed when the Common was first visited in 1922; there 
are thus no observations on the actual changes resulting from the growth 
of Molinia on a given area. The fauna is not unlike that of an ordinary 
meadow, though there are a number of peculiar forms. Some of the bugs, e.g. 
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Stenodema and Trigonotyhis and leafhoppers, e.g. Tettigonia^ show typical 
adaptations to grass conditions in their colouring, and, in the case of the 
bugs, in their elongate shape. Grasshoppers are excessively abundant, and 
have increased in numbers since 1922. The grass-moths (Crambus) were 
exceedingly abundant in 1922 and to a less extent in 1923. Since then they 
have been relatively scarce. The same is true of the common rush feeding 
moth, Bactra lanceolana Hb. Perhaps they increased originally as a result 
of the hot summer in 1 921 ; at any rate no other cause can be suggested. The 
animals recorded are given in Table XXIII. 

The effect of invasion by Betula has been discussed in a previous section 
(p. 257). Molinia can grow for a long time in areas which have been invaded 
by pine. Such Molinia, growing in pinewoods, still has associated with it 
most of the small insects, etc., which normally live under the tufts, e.g. 
beetles, bugs, spiders and woodlice. The moths and grasshoppers disappear. 
Many of the fungus beetles of the pinewood hide in the tufts in winter; 
several weevils, probably attracted from neighbouring leguminous crops, 
hibernate in Molinia growing under the shade of pine. Many of the insects 
found in the Calluna growing in the same situation also occur. 

Table XXIII. Animals of the Molinietum, 


Dipttsra 


Fly 

Borbonis geniculatus Moq. 

Hibernates in tufts. ? vScavengcr 


Loxocera albiseta 8chrk. 

? _ ? ■ 


Hepedon sphogeuB F, 

Common i:i autvimn 

- 

Sepsis spp. 

Hibernalf- in ^^.tifts. Larva a scavenger 


LEPIDOrTEBA 

Butterfly 

Adopaea sylvanus Esp. 

I.«arva on grasses 

A. thaumas Hufn. 



Coenornympha paniphilus B. 

,, 

Moth 

Crambus haraellua Thnbg. 

Larva on grasses. Not common but cha- 
racteristic 


C. pascuellns L. 

Larva on grasses. Abundant 


C. tristellus \j. 


Butterfly 

Epinephelo ianira L. 


Moth 

Euxanthis hamana L. 


Butterfly 

Heodea phloeas Ij. 

Larva on Rmncr. spp. 

Moth 

Nomophila noctuella Schiff. 

Larva on herbs 

Butterfly 

Barargo megaera L. 

Larva on grasses 

Moth 

Plusia gamma L. 

Larva on herbs 

” 

Plutella maculipennis Curt. 

COEEOPTEHA 

*’ 

Beetle 

Brady celluB verbasci Duff. 

Carnivorous 


Haltica oleracea L. 

Larva on EpiJobium. Adult hibernates in 
tufts 

»» 

Hoplia philanthua Fuss. 

Larva on plant roots 


Pterostichus strenuiis Pz. 

Carnivorous. Adult in tufts in winter 

,, 

Sitones lineatus L. 

I.<eguminosae. Adult in tufts in winter 


Stonus flavipes Steph. 

Carnivorous. Adult in tufts in winter. 
A charactoristio species 


S. rogeri Kr. 

Carnivorous 

»» 

Tachyponis chryaomelinus L. 

Carnivorous ? Adult in tufts in winter 


T. hypnorum F. 

>> 
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Bug 
♦ » 

Leaf hopper 

►Spring tails 
(Grasshopper 


Table XXIII (continued). 

Hemipteba 

Nahis major Costa. Carnivorous 

N. nigosus L. ,, 

St(‘riodema cjaicaratum Fall. ^ On grasses 

S. holsatum F. „ 

TrigonotyluH ruficomis Geoff. „ 

J*hilaenu8 lineatus L. 

Tettigonia viridis Liv. „ 

COLLEMBOLA 

CoIIembola. None identified Vegetarian and scavengers 

Orthopteka 


Spidi^r 


ChorthippUH elcgans Charp. 

('. paivillclus Zett. 

Gomphocerus inaculatus Thnbg. 
Mctrioptera brachyptenia L. 

Omocestus viridulus L. 

Staurodenis bicolor (Gharp. 

Aractintda 

Agclena labyrinthica Cl. 

Drassodes troglodytes C.IaK. 

Linyphia clathrata Sund. 

Lycosa amentata CM. 

Pisaura mirabilis Cl. 

Segestria aenoculata h. 

Stenionyphantos linei^tus L. 

Tibellus oblongus Walck. 

Xyatieua erraticus Bl. 

Crustacea 


Herbs 

Herbs. A short winged form not be 
coming common before 1924 
Herbs. Abundant. With green forms 
„ Abundant 

„ Commonly with green forms 

Mainly on bare areas, but catches grass 
insects, e.g. Philacnus 
(Ganiivorous 


Woodlouse 

Porcellio scaber Latr. 

Aves 

Scavenger and partly carnivorous 

Skylark 

Alauda arvonsis arvensis L. 

Mainly seeds 

Kestrel 

Falco tinnunculus tinnunculus L. 

Mainly mice, partly young birds 

Partridge 

Perdix pordix perdix (L.) 

Mainly plants. Partiy insects in summer 

Pheasant 

Phasianus colchicus L. 

Sfonechat 

Saxicola torquata hibemans Hart. 

Mammalia 

Mainly insects 

Hare 

Lepiis europaeus occideiitalis de Winton 

Vegetarian 


E. JUNCETUM. 

The Junciiff fauna has not been fully worked out, but probably the number 
of species is rather low. In individuals, however, the actual rush-feeders are 
often exceedingly abundant. Coleophora caespilili^^^ Zell, must destroy at 
least half the seeds produced. Some of these rush- feeders also occur on 
J. stjuarrosus, growing on drier areas, but the fauna given in Table XXV is 
that connected with J. effusus. A few insects are included which visit flowers 
growing commonly in the Juncetum. 

Table XXIV. A nimal community in the Juncetum,. 

Hymenoptera 

Hoc Bombus lucorum L. Female. On Lotus uliginosuft tmd Ciraium 

,, Megachile maritima K. Male. Common on Lotus [poiasfre 

,, M. willughl)iella K. ,, „ 

Fson unicolor V. de Lind. Female hunting leafhoppers amongst 

„ Psammochares? piliventris Mor. (cardui) Female on Lotus [Juticus 

Wasp Vespa gernianica Fab. Worker (probably fly-hunting) in Juncus 

,, V. vulgaris L. ,, ,, ,, 

„ rufa L. 
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Table XXIV {continued). 


Fly 


Butterfly 

Mot}) 


Dipteba 

Dolicliopus pennatus Mg. Predaceous 

Gymnopternus nanus Mcq. „ 

Tacdiydroinia flavipes F.? „ 

Psqctrosciara coxondix Verr. Adults, sometirru's very common on heads 

of J uncus. Larva ? scavenger 

LEPIDOrTERA 

Adopaoa silvanus Esp. On flowers of Lotus 

I^actra lanceolana 111). Larva on J uncus. Abundant 1922-3 

Colcophora caospititiella Zell. „ ,, Abundant 

C. glaucieolella Wood ,, ,, 

Gliphipteryx thrasonella Scop. „ „ Common 1924-5 


Beetle 


Bug 

Leafhopper 


Spider 


COLEOPTERA 

Cropidodera transversa Marsh 
Cyphon variabilis Thnbg. 

PterosticliUB stremiis l*z. 

Rhagonycha fulva Scop. 

Xantholinus linearis Ol. 

H EMIPTERA 

Anthocoris nemorum L. 

Trigonotylus ruficomis Geofl. 

Athysanus sordidus Zett. 

Conomelus limbatus Fab. 

Limotettix antennata Boli. 

Arachnid A 

Oliromolitliiis fostivus C.L.K. 

Dictyniia lutcus C. 

Pisaura mirabilis Cl. 


Vegetarian. Abundant in 1924 
Larva carnivorous 
Carnivorous 

(carnivorous (sometimes on flowers of 
Lotus) 

? Carnivorous 

Carnivorous 

Vegetarian 

„ Abundant 

Carnivorous. Web on heads of J uncus 
Carnivorous 


F. Special plants. 

(!^ertain plants characteristic of wet areas always have certain animals, 
either vegetarians or flower visitors, associated with them. These animals 
certainly seek the plant rather than any special conditions and so are given 
separately rather than in the community in which the plant grows. Thus 
the flowers of PotcMlilla erecta are always visited abundantly by the fly 
Hcreos1mmi.s nigri/pennis Fall; and the bees Prosopis bre/vicornis Nyl. and 
P. genalis Thoms., occasionally by workers of Boinbus agrorum Fab. 

Rvrnex aceto, sella is the food of the beetles Cri/ptocephalus fulvus Goeze, 
Apian ruben.s Stepli. and Rhinoncus castor F. These are found with the plant 
wherever it occurs. 

Ragwort {Senedo jacobaea) and other species of Senecio are fed on by the 
beetle Longitarsus jacx)beae Wat., and the flowers of this and other Yellow 
Composites are visited by the fly Sicus ferrugineus li. and bees of the genus 
Halictus. 

The species connected with Salix (broad-leaved species), with Vlexeuropaeus 
and with Riibus are so numerous that they are given in Tables XXV, XXVI, 
and XXVII. The flowers of the first two plants are important as being the main 
source of food for the spring bees, and of various other hibernated insects. 
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Table XXV, Animals connected with Salix spp. 

M. Male. F. = Female. W. = Worker 

Hymbnoptera 

Wasp 

Anoistrooerus oallosus Thoms. 

On flowers 

F. 

Bee 

Andi-eiia albicans Miill. 


M.F. 


A. bimaculata K. 


M. 


A. clarkella K. 

>> 

M. F. 


A. dorsata K. 


M. F. 


A. fulva Schrk. 

>> 

F. 


A. gwynana K. 

99 

M. 


A. parvula K. 

99 

F. 

Hive bee Apis raellifera L. 

9 » 

W. 

Humble bee Bombus atrorum F. 

99 

F. 


B. jonellus K. 

99 

F. 


B. lapidarius L. 

99 

F. 


B. lucorum L. 

99 

F. 


B. pratonim L. 

99 

F. 


B. terr(‘-Htri8 L. 

99 

F. 

Bee 

Halictus rainutus Zett. 

99 

F. 


H. puncfcatissimus Sch. 

99 

F. 

Bigger 

wasp Psammochares fuscus L. (viaticus) 

99 

F. 


Diptera 


Fly 

Chilosia vulpina Mg. 

M. 


Chortophila musearia Mg. 

„ M. F. 

»> 

Fristalis intricarius L. 

M. 


( )rthoneura geniculata Mg. 

„ M. 


J*latyehims aibimanus F. 

„ M. F. 


Rlmbdophaga salicijK^rda Duf. 

Galls on the stems with 
two Chalcid parasites 


Scat ophaga stercoraria L. 

On the flowers M. 


Syrphus lasiophthalnuia Zett. 

Lepidoptrra 

„ M. F. 

Moth 

Cenira furcula L. 

Larva on leaves 

Butterfly 

Vanessa io L. 

On the flowers 

Colboptkra 


Beetle 

Adalia bipunctata L. 

On the flowers 


Cmpid(jdera aurata Marsh 

h'eeds on the leaves 

,, 

Melanophthalma gibbosa Hbst. 

On th(‘ flowers 

” 

Meligethes ovatus Stin. 

Hkmiptera 


Bug 

Anthocoris nemoralis F. 

On the flowers 

99 

A. nemoruni L. 


Psyllid 

Psylla salieioola Fdrst. 

Feeds on the leaves 


Table XXVI. Animals associafed with Ulex. 


M.-Male. F.= Female. W. 

Hymen OPTERA 

= Worker 

Sawfly 

Abia lonicerae L. 

On the flowers F. 

Bee 

Andrena bimaculata K. 

„ M. 


A. dorsata K. 

,, M. 

99 

A. gwynana K. 

„ M. 

Hive bee 

Apis mellifera L. 

„ W. abundant 

Humble bee 

Bombus agrorura Fab. 

„ F. common 


B, ruderarius Miill. (derhamellus) 

„ F. 

Bee 

Halictus flavipes F. 

F. 


H. punctatissimus Sclu 

Diptera 

F. 

Fly 

»♦ 

Eristalis pertinax Scop. 

„ M. F. 

Adult hibernates in Ulex 

E^la^(^sta eonjuncta Lw. 


Platychirus aibimanus F. 

On the flowers M. F. 


P. Bcutatus Mg. 

M. 
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Fly 

>» 

»» 


Moth 


Beetle 

ft 


Bug 


Spider 


Table XXVI (continued). 


Dipteba 

Soatophaga stercoraria L. 

SyrphuB aurioolUs Ztt. 

S. cinctellus Zett, 

S. lasiophthalmus Ztt. 

S. punctulatua Verr. 

S. torvus O.S. 

Tephritis vesportina Lw. 

Lepidopteba 
Laspeyresia ulicetana Hw. 
Scythris grandipennis Hw. 

COLEOPTEBA 

Adalia bipiaietata L. 

Apion iilrcis Forst. 

Mierambe vini Pz. 

Si tones rogensteineiisis Hbst. 

S. tibialis Hbst. 

HEMlFrERA 

Asciodema obsoletiini hlob. 
Dictyonota strichnocora Fieb. 

Arachnida 

Kpeira cornu ta Cl. 


On the flowers M. 

Adult hibernates in gorse 
Larva on gorse 

ft 

On the flowers 
Larva on the seeds 
Larva on the flowers 
Larva on Ulex 

On Ulex 

Webs of tlie young abundant 
Ulex in the spring 


Table XXVII. Insect visitors of flowers of Rubus fruticosus (agg.). 

M. — Male. F. = Female. W. = W orkc? r 


Bee 

ft 


ft 


Digger wasp 
Bee 

Digger wasp 
Bee 

ft 

Ruby wasp 
Bee 


Digger wasp 

Wasp 

Bee 

Digger wasp 
Bee 


ft 

Digger wasp 
Bee 


ft 

Digger wasp 


ft 


ft 


HyMENOPTEBA 

Apis mellifera L. 

Bombus agronim Fab. 

B. hortorum L. 

B. luoonim L. 

B. pi’atorum L. 

B. ruderarius Mull, (derhamellus) 

B. ierrestris L. 

Cercoris labiata F. 

C, rybyensis L. 

Chclostonia eampanulariim K. 
Coolioxys tdongata lA?p. 

Oorytes quadrifasciatus F. 
Halietus flavipes F. 

H. nitidiuseulus K. 

Hedychndium minutum lA3p. 
Mcgachile eircumeineta Lap. 

M. maritirna K. 

M. versicolor Smith 
M, willughbiella K. 

Nysson interruptus F. 

Odynerus pictus Curt. 

Osmia leuoomclaena K. 

Oxybelus uniglumis L. 

Prosopis breviconiis Nyl. 

P. communis Nyl. 

P. eonfusa Nyl. 

P. genalis Thoms. 

Psen shuckardi Wesm. 

Psithyrus barbutellus K. 

Ps. distinctus Perez. 

Ps. quadricolor Lep. 

Saropoda bimaculata Pz. 

Sphex campestrie Latr. 

S. sabulosa L. 

Taohysphex unicolor Pz. 


W. abundant 
F. W. common 
M. W. 

M. F. W. common 
M. common. W. only where a 
scrub has developed 
M . F. 

M.F. W. 

M. Cf. Table I 
M. 

M. 

M. F. Parasite of Megachile 
M. 

F. Cf. Table I 
F. 

Cf. Table 1 
F. 

M. Cf. Table I 
M. 

F. Cf. Table XXIX 
M. Cf. Table I 
F. 

F. 

M. F. Cf. Table I 
M.F. 

M.F. 

M. F. common 

M. F. Cf. Table XXIX 

M. Cf. Table I 

M. parasite of Bombus hortorum 
M. parasite of B. lucorum 
M. common parasite of B. pratorum 
M. F. common. Cf. Table I 

M. common. F. Cf. Table I 
M. Cf. Table I 
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Table XXVII {continued). 

DiPTEllA 


Fly 

Chilosia seutellata Fall. 

Larva ? fungi 

EtnpiH aestiva Lw. 

Carnivorous 


Eristalis arbustorum L. 

Cf. Table XXII 


E. intriearius L. 

ff 


Fabrieiolla forox Pz. 

Sieus ferruginous L. 

Larva parasite of large caterpillars 


Volucella pollucens L. 

Commensal of wasps 


V. plumata L. 

Lepidoptera 

Commensal of Bombus 

Butte rtly 

Adopaca sylvanus Esp. 
Epinepliele janira L. 

COLEOPTEKA 

Cf. Table VII 

Beetle 

By turns tomontosus F. 
Rhagonycha fulva Scop. 

Cf. Table VII 

Jiug 

Strangalia arinata Hbst. 

Hemiptera 

Anthocoris ncinorum L. 

Cf. Table VII 

PlagiognatliuH arbustorum F. 

Cf. Table VII 


G. Pine Stumps and Fungi. 

The pine stumps and the fungi connected with them form a relatively 
clear-cut habitat, occurring in every part of the area. Fungi are by no means 
all ecjually attractive to insects, and, though this has not been worked out 
in detail, it is mainly the species connected with the stumps that have a 
large fauna. The community is probably nearly the same as that which is 
associated with fungi in the pinewood. The animals at the base of the food 
chain are larvae of small flies and Collembola. The staphyliiiid beetles feed 
on these but there are no details of their feeding habits. 

The pine stumps are the home of another set of animals which gradually 
destroy the stumps. There is probably a good deal of difference between the 
early stages of colonisation of fresh pine vstumps and of those which have 
been burnt. This has not been much studied at Oxshott, but in a general 
way the effect of burning is to cut out the early stages of the succession. A 
number of animals, often highly specialised to life under bark, only occur 
under fresh stumps, or those not badly burnt. The beetle Melanophila 
(KMininata DeG. which is peculiar to burnt pine stumps and usually arrives 
while the fire is still smoking, has not been seen at Oxshott, though recorded 
from other heaths in southern England. 

The normal course of succession probably begins with arrival of Scolytid 
beetles (e.g. Hylastes). With them come their special enemies, such as the 
beetles belonging to the genus Rhizophugas, which feed on the Scolytids. In 
the solid wood Asemum and Criocephalus make their burrows. The holes 
formed allow fungi to enter and their mycelia soon become abundant under 
the bark and in the wood. With them come abundant Collembola and their 
enemies the staphylinid beetles, small carabids; probably the flat, bark- 
haunting bugs also feed on them. Quite soon queen ants arrive and make 
their nests under the bark, and later the workers begin to excavate their 
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galleries in every direction. These activities soon loosen the bark and a kind 
of humus collects beneath it. As soon as ants have become abundant the 
woodpeckers attack the stumps and are perhaps one of the most important 
agencies in their destruction. When the bark has become really loose the 
specialised bark animals disappear and their place is taken by an assemblage 
of forms that need a dark, damp habitat. Such are woodlice, molluscs, earth- 
worms and the carabid beetles which prey on them. Probably at Oxshott a 
stump may disappear in about eight years but the length of time would vary 
very considerably with local conditions. Under the shelter of a pine wood 
the stumps might persist almost indefinitely, while in damp, exposed situations 
the decay is rapid. 

The stumps are often an important addition to the habitat in which they 
are situated because they may be used by whatever animals occur as hiberna- 
tion quarters (beetles, wasps, flies), nesting sites (digger wasps, ants, spiders) 
or as shelter by day in dry areas (molluscs, beetles). The existence of stum])s 
probably allows various animals to maintain themselves in such a habitat as 
a Callunetum, animals which would normally have to wait for more meso- 
phytic conditions to be established. 

Sclerodermae have a little fauna of their own. They grow mainly in the 
birch -scrub stages and often contain the beetles Atlieia xMiUhoptera Steph., 
Cryptofhagiis lycoperdi Ilbst. and C, punctipennis Pris. Perhaps tiie first 
named feeds on the larvae of the Oryptophagi. 




Beetlt3 


Table XXVIII. Animals associated uM fungi. 


Diptera 


Chilosia longnla Ztt. 

Koi dpoiiiyia Bpp. 

Lfiiia cineniria Lw. 
LinioKina anlcmiata Ducla 
L. lutoilabris lidi. ? 

L. parapusio Dahl. 
Mycetupliilids cojumon 


Larva in Boletus horinas 
Can ho bnul abundantly from fungi 
Laiva on fungus {SiKinissis erespei) 
,, 't {Sparassis rrcspa) 


Larva on fungus 


COLIOOPTERA 


Alcochara brunntnixainis Kr. 
Atheta xantlioptora ISteph. 
Autalia iniprossa 01. 
Bolotobius pygnifioiis F. 

B. trinotatus Ki’. 

(^yrophaona gentilis Er. 
Philonthus raarginatus F. 

Pli. jjroximus Kr. 

Ph. varians Pk. 

Proteinus brachypterus F. 

P. ovalis ISteph. 

Quedius oinctus Pk. 

Tachiiius laticollis Gr. 


Carnivorotis {Laclarius tiirpls) 

(L. turpis) 

Carnivorous 

,, {L. turpis) 

,, {L. turpis) 

„ {L. turpis) 


Annelida 

Earthworm Vegetarian {Polyporus schiveinitzi) 

Mollusca 

Slug Arion ater L. Vegetarian eating Boletus hovinus 
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Table XXIX. Animals associated loilh pine stumps. 


Ant 


»» 

Boe 

Ant 

lice 

Digj?cr wasp 
Wasp 


Fly 


Moth 


Hymenoptbra 

Acanthomyops nigor L. Nesting 

Formica fusca L. „ 

Lt^ptothorax acervorum F. „ (early stages) 

Megacliile willughbiella K. Probably nests in the very rotten wood 

Myrmica spp. Nesting 

Prosopis genalis Thoms. Probably nests in the very rotten wood 

Psen unicolor V. de Lind. „ „ » 

Vespa germanioa F. Females hibernating 

V. vulgaris L. „ 

Diptera 

Excchia spinigera Winn. ? Larva on fungi 

Mycetophilus ocellus Walk. Larva on fungi (adults sometimes hide 

under bark) 

Phaonia spp. and other muscids Hibernating 

Tachypoza nubila Mg. Larva carnivorous in rotten wood. Adult 

on small flies 

Lepidoptera 

Oecophora sulphurella F. Larva on rotten wood. Pupa under bark 


CoLEOPTEEA 


Beetle 


Adalia bipunctata L. 
Agathidium laevigatum Er. 
Anisotoma humeralis Kug. 
Aseraum striatum L. 

Atheta aequata Er. 

A. linearis Gr. 

Baptolinus alternans Gr. 
Bradyoellus harpalinus Dj. 
Cerylon liistoroides F. 
Coccidula spp. 

Conosoma pubesoens Gr. 
Criocephalus ferus Kr. 

Ditorria crenata F. 

Dromius angustus BruUe 
Elater balteatus L. 

Holops striatus Fourc. 
Homaliuin rivularc Pk. 
Hylastes ater Pk. 

H. cunicularius Pk. 

H. palliatus Gyll. 

L^dstus spinibarbis F. 
lA'sptiisa fumida Er. 

Melanotus rulipes Hbst. 
Mycetoporus lucidus Er. 
Nebria brevicollis F. 

Ocypus inorio Gr. 

Pentarthrum huttoni WolL 
Phloeonomus punctipeiine Th. 
Phloeopora reptans Gr. 
Phyllodrepa vilis Heer. 
Pissodes notatus F. 
Pterostichus angustatus Duft. 
P. vulgaris L. 

Quedius maurus 8ahlb. (fageti) 
llhizophagus bipustulatus F. 

R. ferrugineiis Pk, 

Hcaphisoraa agarioinum L. 
ISilpha atrata L, 

SuhinduB dubius Gyll, 
Tnanasimus formicarius L. 
Xantholinus linearis 01. 


Hibernating 

Fungus 

tt 

Larva in solid wood 
Carnivorous 

„ early stages of stumps 
»» 

Sheltering 

Larva carnivorous 

Hibernating 

Carnivorous (later stages) 

Larva in solid wood (early) 

Larva under bark, carnivorous (early) 
Carnivorous (early) 

Larva on rotten wood 
Probably mainly sheltering 
Carnivorous. Mainly in fungi 
Larva in wood and bark (early stages) 

** n 

»> »> 
Carnivorous (later stages) 

„ (early stages) 

Larva on wood (early stages) 
Carnivorous (fungi) 

„ (later stages) 

99 

Larva on wood 
Carnivorous (early stages) 


Larva on wood 
Carnivorous. Burnt stumps 


„ (early stages) 

99 99 

Fungi 

Carnivorous? (later stages) 
Fungi (early stages) 
Carnivorous, esp. on dead trees 


Bug 


Hemiptbra 

PiezostethuB oursitans Fall. 


(early stages) 



O. W. Richards 


281 


Table XXIX (continued). 

Neubopteka 

Snakefiy Rhaphidia maoulicollis Steph. Larva carnivorous (early stages) 

COLLBMBOLA 

Spriiigtails Collembola abundant Vegetarian 

Campodea sp. „ 

Abaohniba 

Spider Agelona labyrinthica Cl. .Hibernating and making webs on the 

stumps when there are no bushes 
„ Prosthesima potiverii Scop. Hiding egg cocoons 

„ Trochosa ruricola DeG. „ and hibernating 

„ Salticus scenicus Cl. Hunts on the stumps (catches OecopJtora) 

Crustacea 

Woodlouse Porcellio dilatatus Brandt Scavenger and partly predaceous (later 

stages) 

„ P. scaber Latr. Scavenger and partly predaceous (later 

stages) 

Chilogjnatiia 

Centipedes Litliobius spp. and others Carnivorous. Common in later stages 

Mollusga 

Slug Arion ater L. Vegetarian. Common in later stages 

„ A. subtuscus l)rap. „ ,, „ 

„ Limax maximus L. „ „ „ 

Annelida 

Earthworms Vegetarian. Common in later stages 

Aves 

Great Spotted Dry obates major anglioiis Hart. Foods on ants and other insects 
Woodpecker 

Gieen Picus viridis virescens Brehm. „ „ „ 

Woodpecker 

Mammalia 

Rabbit Uryctolagus cuniculus L. Use the stumps as special depositories 

for dung 

CONCLUSION 

The animals found on the felled and burnt areas at Oxshott Common in 
the years 1 922 5 have been recorded and some of their effects on one another, 
and of their relations to plant succession, have been described. It would be 
premature to make any generalisations about heath-animals. 
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This paper records an enquiry into the origin, structure, development and 
fate of some yew communities of the South Downs (Hants and Sussex); their 
relation to scrub, ash oakwoods and beech woods is discussed and evidence 
brought forward to show that these yew-woods are migratory societies of scrub. 
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The yew (Taxus baccala) is widespread on the chalk hills of West Sussex 
and East Hampshire, growing isolated in scrub, in ash-oakwoods and beech- 
woods, and in larger or smaller groups with or without other trees. In many 
cases at least the apparently fortuitous distribution of scattered yews can be 
explained in accordance with the findings of this study: it is, however, with' 
the yew in the larger groupings that the paper mainly deals. 

TOPOGRAPHY 

The yew communities examined lie in the neighbourhoods of Butser Hill 
and Ditcham Park and of Goodwood, the former, an area familiar to students 
of chalk vegetation through the work of Tansley^ and Adamson^ — the latter 
the scene of the author’s work on the Sussex beechwoods^. The following 
yew-woods have been examined. Opposite the name of each the aspect and 
locality are given : 

1. Bottom “A,” valley facing 8. Southern slope of Butser Hill. 

2 . Bottom “B,” valley faoing 8.E. and 8.8. E. 8outhern slope of Butser Hill. 

3. Kingley Vale, valley facing 8. 4 miles N.W. of Chichester (Goodwood area). 

4. Hillhamj^ton Bottom, valley facing 8.8.E. Soutlicrn slope of Butser Hill. 

5. Wascombe Bottom, valley facing vS.E. 8outhern slope of Butser Hill. 

(j. Cliilgrove Hill, slope facing N.E. miles N.W. of West Dean (Goodwood area). 

7. Dowtdey Brow, slope facing N.W. 1 mile N.E. of Ditcham House. 

8. Holt Down, slope facing N.W. I mile S.W. of Butser Hill. 

9. Dee}) (;!ombc, valley facing 8.8. W. 1 J miles N.E. of East Dean (Goodwood area). 

10. 8tcad Combe, valley facing E. 1 mile W. of (Jockiiig (Goodwood area). 


A brief consideration of the geographical position of these yew- woods in 
relation to the large forest area of West Sussex and East Hampshire will be 
of value in helping to assign to the yew-woods their proper place in the context 
of South Down vegetation. Quite detached from the main body of woodland 
and set in a background of grassland are, to the south, Kingley Vale, and to 
the west, Bottoms “A” and ‘VB,” Hillhampton and Wascombe Bottoms and 
Holt Down. Deep Combe, Chilgrove Hill and Downley Brow are just on the 
outskirts of progressive woodland and may be continuous with the main 
body. Stead Combe in the Cocking Gap lies near the north escarpment in a 
region with much chalk grassland clothing the gentler slopes of the Gap and 
with progressive woodland in the neighbourhood. On the whole, therefore, 
the yew-woods studied grow on the outskirts of, or are quite detached from, 
the main forest area. 

^ Adamson. “The Woodlands of Ditcham Park, Hampshire.” This Journal, 9, 1922, 
pp. 114-219. Tansley. “Early Stages of Redevelopment of Woody Vegetation on Chalk Grass- 
land.” This Journal, 10, 1923, pp. 168-177. Tansley and Adamson. “The (Jhalk Grasslands 
of the Hampshire-Sussox Border.” This Journal, 13, 1925, pp. 177-223. 

^ Watt. “ On the Ecology of British Beechwoods with special reference to their regeneration.” 
This ^louRNAL, 11, 1923, pp. 1-48; 12, 1924, pp. 145-204; 13, 1925, pp. 27-73. 
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Yew Communities of the South Downs 

SOME FACTORS AFFECTING THE DEVELOPMENT OF YEW COMMUNITIES 

Soil. 

The soil in all the yew communities is calcareous except in the yew society 
above Deep Combe where the overlying friable loam is about 14 in. deep. 
In different parts of the valleys the soil varies from G in. on exposed steep 
slopes to 18 in. on gentler and sheltered slopes. In the valley bottoms the 
depth has not been determined but is no doubt much greater. No marked 
effect of soil in influencing the development of yew communities has been 
observed in the areas studied. 

Wind, 

All the yew-woods described, except Nos. 6-8, occupy valleys opening 
southwards to eastwards. Different parts of them are thus in varying degree 
exposed to the prevailing south-west winds, the most sheltered part varying 
with the lie of the valley but being generally near the valley head. That wind 
is a signiflcant factor in yew-wood distribution and development is inferred 
from the prevalence of wind trimming among the shrubs in the near neigh- 
bourhood, from the general limitation of the yew-woods to the valleys, and 
from their greater and more rapid extension along sheltered slopes and to 
leeward of existing communities. Further, the general statement may be 
made here that woody vegetation first colonises the most sheltered parts of 
the valleys, extending thereafter to less sheltered parts. 

In the three yew-woods growing on slopes the most rapid development 
takes place to leeward along the slope. 

Rabbits. 

The recent studies of Tansley and of Tansley and Adamson demonstrate 
the far-reaching effect on vegetation of heavy rabbit grazing. Severe grazing 
causes grassland degeneration and exposure of the soil, which may then be 
colonised by herbaceous and woody species avoided by rabbits. Even the 
spiny hawthorn and blackthorn are severely attacked, but the fact of greatest 
significance for the present study is the susceptibility of the yew. Like ash, 
oak and beech it requires the assistance of scrub for successful colonisation of 
grassland ; and the efficiency of scrub for this purpose will depend upon the 
measure of immunity enjoyed by the scrub constituents. Of these juniper is 
most shunned by rabbits, and this property combined with that of wind 
resistance^ gives to the juniper a significance in yew-wood establishment not 
possessed by any other shrub. Much importance is therefore attached to the 
distribution of juniper which is absent from some valleys and scarce or 
abundant in different parts of others — this variation in frequency influencing 
the structure and development of the succeeding vegetation. Adequate 
attention has not yet been paid to the factors governing juniper distribution 
but the impression is gained that juniper flourishes best on relatively shallow 
soils, often exposed to the prevailing winds. 

1 Watt. L.C. 1924, p. 169. 
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GENERAL DESCRIPTION OF THE VEGETATION 

The phenomena described in this paper can be explained as the result of 
the natural processes of invasion and succession. 

The difficulties confronting yew ecesis prevent effective yew colonisation 
of grassland. Yew, however, can invade scrub, where conditions favour its 
spread, and the original scrub is then ultimately suppressed. Thus yew-wood 
is reached through a series of intermediate stages, with or without ash, in 
which longevity and tolerance of shade are the chief factors in the equipment 
of the yew enabling it to compete successfully with its associates. Upon the 
death of old yews rabbit activity often prevents the regeneration of the gaps 
formed: hence the wood degenerates and ultimately abandons the area. 
Inasmuch as colonisation by scrub usually begins near the head of the 
valley, so this part is the first to be abandoned by the degenerating yew- 
wood. 

In this succession from scrub to yew- wood two seres are recognised, called 
respectively the /v/niper sere and the hawthorn sere after the shrubs dominant 
in the initial scrub. In the hawthorn sere there are two varieties, one with 
ash, the other without. Briefly summarised the successions are as follows, all 
three sometimes contributing to the “make up” of a valley yew- wood. 

Juniper sere. Scrub (jimiper)-->Yow scrub^l^eveloping Yew- wood > Yew-wood. 

llawllu^rn sere. Scrub (liaw(honi)->Yow scrub— > Developing Yew-wood-> Yew-wood. 

{without ash) 

Hawthorn sere, ^Aah flcrul)\ 

{with ash) Scrub (hawthorn) > Yew-ash scru b-^Vew-asli wood -> Yew- wood. 

\ Yew 8crubx=^ 

The juniper sere is met with on the more exposed places and, once yew 
invasion starts, is characterised by a. relatively quick transition to pure yew- 
wood. The hawthorn sere begins with a scrub less efficient to protect yew and 
the intermediate stages are long drawn out; f)ure yew- wood appears late. In 
the succession with ash, this tree may appear before, along with, or after, 
effective yew invasion of scrub. This sere occurs in the sheltered parts of 
valleys or on the lee side of woodland. The variety without ash is found in 
l:)oth sheltered and partly exposed localities. 

In Section I, attention is mainly directed to a study of'the structure, 
development and fate of the yew- wood, whilst the relation of this community 
to other woody communities — ash-oak wood and beech wood — forms the 
subject-matter of Section II. 

SECTION I. STRUCTURE, DEVELOPMENT AND FATE OF THE YEW- WOODS 

{a) The Juniper Sere. 

The different stages of the juniper sere mostly occupy, but are not strictly 
confined to, exposed places (PL IV, Phot. 1, and Figs. 1 and 2, pp. 286-7). 

Of the 22 species recorded from this sere, juniper and yew are clearly the 
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Fmi. 1. Skoioyi-map of area .south of Butser Hill showing yew- woods in the valleys. Groups of 
yews not in the vall(\ys are marked TT. The woods have originated near the heads of the 
valleys and are moving outwards along the slopes. In Hillhampton Bottom the area first 
colonised is la ing al>andoned; three old yews marked T are relicts. The whole of the head of 
Wa.scombe Bottom has beem abandoned and is being recolonised by yews marked T. 
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main constituents: the rest are quite subordinate (list of species facing p. 304, 
columns 1-8)^. 

The general course of development is as follows. The juniper scrub, which 
at Kingley Vale consists of scattered or locally dense individuals about 3 ft. 



Ft(i. 2. vSketch-map of Kingley Vale showing development of yew- wood mainly on the slope 
sheltered from the prevailing south-west winds. The juniper sere (J)^ occupies the more 
ex|)osed parts, the hawthoni sere (H)^ without ash, areas of mean exposure, and the hawthorn 
sere with ash the most sheltered part of the valley. 

high and lopsided, is invaded by yew. Where the juniper forms the nucleus 
of a closed scrub yew invasion may be general, as for example on the eastern 
spur of Kingley Vale (Fig. 2, 1)^ where yews from a few inches to 10 ft. are 
found but the majority are from 4 to 5 ft. In open juniper scrub yew invasion 

^ The reference number of the list of species (facing p. 304) corresponds with the number of 
the locality, given in the figures, from which the list was made. Thus .7-8 means juniper sere, 
list 8. 
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is more sporadic and results in the formation of clumps consisting of yew 
families girt by scrub. A family consists of a central older yew with a richly 
branched and spreading crown (pioneer form) near which grow younger 
yews whose cleaner stems and lopsided crowns are due to the shading effect 
of the pioneer. In the scrub round the clumps small yews are growing up. 
This grouping of younger, straighter yews round aged pioneers is obvious in 
the yew scrub and developing yew-wood and can usually be made out in the 
pure yew- wood. 

The older pioneer yew invaders show the effects of the prevailing wind 
but the younger yews growing up with them have mostly erect leading shoots. 
The sheltering effect of the yew is also seen in the improved growth of shrubs 
already present, e.g. juniper in the lee of a clump or in the presence of others 
may attain to 10 ft., a height not commonly found isolated in exposed situa- 
tions. This stage in the development of yew-wood, when yew has clearly 
become established and is spreading, is called yew scrub. The most important 
associated species are Cornus^ Primus sjjinosa, Ruhus fruticosus (agg.), 
Crataegus^ Ilex and SambucAis. 

The next stage, when the balance of dominance is with the yew, is called 
the developing yew-wood, which arises merely as a result of the continued 
increase in size of the individual yews, the enlargement of yew families and 
the establishment of fresh ones in the scrub between them. That this has 
taken place is proved by the dead remains of abundant juniper and of some 
hawthorn, bramble and Clematis found under the yews. As a result partly 
of the increased shelter afforded to the shrubs by the taller yews and partly 
by their lateral shading effect, the shrubs attain a much greater height. For 
example, in the developing yew-wood of the eastern slopes of Hillhampton 
and Wascombe Bottoms (Fig. 1, f) and 7) the juniper has a columnar form 
and sometimes reaches 18-20 ft. in height. The number of species is the same 
as in the yew scrub and although the growth of the shrubs has improved, 
there is on the whole no increase in their frequency, this being prevented by 
the spread of the yews. 

The continued growth and spread of the yew finally result in pure yew- 
wood by the suppression of the accompanying shrubs, the dead remains of 
these, particularly of juniper, being found on the floor. Suppression is com- 
plete on the eastern slope of Hillhampton Bottom where the yew-wood is 
pure, but at the head of Kingley Vale (Fig. 2, 8) occasional Ilex and rare 
straggling Crataegus and Primus spinosa still find a place in the canopy, above 
which rare ash and occasional whitebeam {Sorhiis aria) raise their crowns. 
The dominance of the yew is complete to a degree found in no other British 
tree community: the shrub layer and ground flora are absent and mosses 
are rare. 

In this sere the yew attains a height of about 30 ft. (9 m.), with a circum- 
ference of 7 ft. 1 in. (2*12 m.) (= average of six large yews, the largest measuring 
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9 ft. 11 in. or 3 m.). Since the stages of the succession are completed within 
the life history of the yew, the size of the yews in different parts of the yew- 
wood may be used as evidence of the direction of spread. Applying this to 
the yew-wood at the head of Kingley Vale we find that the yew has invaded 
from the north-west corner outwards along the slope as well as up and down, 
but fastest along the slope and faster up than down. In this locality further 
movement along the slope is apparently held up, but additions to the upper 
and lower margins of the wood are being made from yew scrub. 

The habitat is unfavourable for the establishment and growth of ash and 
oak, both of which are rare to occasional and mostly of poor growth ; ash trees 
established near the bottom of the valleys show better growth but even there 
some suffer from wind. Sorbtis aria, however, grows quite well and is a frequent 
constituent of the developing yew- woods on the eastern slopes of Hillhampton 
and Wascombe Bottoms. 

In the yew-wood at the head of Kingley Vale one or two gaps occur, 
which, although not formed by the death of old yews, are of special interest 
for our present purpose. In some, relicts of the original scrub and grassland 
are found, but owing to rabbit activity on the steep slope much of the soil 
is bare and unstable. The following plants are found: 


Atropa belladonna 


Myosotis arvensis 

o. 

Bryonia dioioa 


Plantago major 

o. 

Sambiicus nigra 

Arenaria serpyllifolia 


Pninolla vulgaris 

l.f. 

l.f. 

Sedum acre 

r. 

Cirsiuin paliiatro 

1. 

Urtica dioica 

1. 

Fragaria vesca 

o. 

Viola hirta 

l.f. 

Galium verum 

Lotus corniculatus 

0. 

+ 

V. sylvatica (agg.) 

o. 


In 1922 yew seedlings were recorded as frequent, but in July 1923 only 
one was found, the seedlings having disappeared from gaps where the light 
is intense enough for survival. No young yews were observed. Thus yew 
regeneration is effectively checked. 

The effect of rabbits and wind upon the establishment and growth of 
juniper and yew arc clearly demonstrated in the woody vegetation colonising 
the wind-swept slope of the steep eastern spur of Kingley Vale (PI. IV, Phot. 1 , 
and Fig. 2). Here the scrub is open and consists solely of yew and juniper, the 
other shrubs being apparently unable to grow here. Both plants are wind- 
trimmed and in greater degree towards the north-east corner of the Vale. 
The juniper probably suffers more than the yew, for in the most wind-swept 
corner scattered, lopsided yews are found with no living, and rare or occasional 
dead juniper. 

Almost every yew is growing along with a living or a dead juniper. Most 
of the yews are small — 12-18 in. (30-45 cm.) high, often very small — 4-7 in. 
(10-18 cm.), are closely nibbled, conical in shape and old. A small yew 7 in. 
(18 cm.) high showed approximately 55 growth rings. 

The inference to be drawn from this and the previous observation is that 

Journ. of Ecology XIV 19 
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yew and juniper are the most wind-resistant elements of scrub and that 
successful establishment of yew in grassland is conditioned by the presence 
of scrub protective against grazing animals. At the same time it may be 
questioned if the yew seedling can readily become established in a grassy 
turf, and its association with scrub elements may, in the first instance, be 
due to the provision round the bases of shrubs of suitable germination and 
establishment conditions, such as exposed soil or shade. Experimental proof 
is lacking, but the record of one seedling only from an enclosure made eleven 
years earlier and near to abundant yews strengthens the suggestion. This 
seedling, too, was found in the “deep shade of (Watac(p(s''^\ according to some 
observers the yew seedling is intolerant of strong illumination^. 

The conclusion that protective scrub is necessary for successful establish- 
ment of the yew is supported by observations from the juniper scrub in other 
parts of Kingley Vale, where the observed facts are similar to those just 
described: from the association of yew with Crataegus and Prana s spinosa at 
Stead Combe; with Prunus in Bottom “A,’' with juniper in Hillhampton and 
Wascombe Bottoms; and by the occurrence of inadequately protected and 
heavily grazed yews in all these localities^. Of the scrub elements, juniper is 
apparently the most effective to protect yew, and this is reflected in the more 
rapid colonisation of juniper scrub than of hawthorn scrub. This effective 
initial invasion means a rapid passage to yew-wood. 

The view that yews are immune from attack by grazing animals is 
erroneous, for these small conical yews are trimmed down by such animals, 
probably by sheep, hares and rabbits. Babbits also nibble the bark off stems and 
branches. Lowe^ states that “ deer, sheep, goats, hares and rabbits eat yew with- 
out harm ” and Elwes^ records that he has seen yew stems gnawed by rabbits. 

The transition from the juniper to the hawthorn sere is recognised by the 
increasing frequency of Crataegus and a corres])onding decrease in juniper. 
List 4 from the (iastern slope of Wascombe l^)Ottom indicates a transitional 
community. Here and in the more sheltered parts of the other localities 
juniper grows larger, and taller, has often a spreading habit and bears pale 
sickly foliage in contrast to the healthy ai)pearance of large or small junipers 
in exposed communities. The physiological cause of this is unknown but soil 
factors evidently contribute to the production of the effect. 

[b) The Hawthorn Sere. 

This sere occupies the less exposed parts of the valleys. The difference in 
the habitat is reflected in the flora, for in the juniper sere there are only 
22 species, while in tlie hawthorn sere there is almost twice that number — 42. 

‘ Tansley. L,c. 1923, p. 176. 

“ Hempel and Wilhelm. Die lidume uttd Strducher des W aid 1893, p. 2(K). 

^ But 800 also p. 302. 

Yew4ree.s of Great Britain and I r dandy 1897, p. 150. 

^ £lwes and Henry. Tree^ of Great Britain and, Ireland,, 1906, 1, p. 119. 
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Of the 20 additional, most are local or have a low frequency. These, it is 
interesting to note, include Rnscm aculeMus which was not observed in 
exposed places: the evergreen Ilex is however equally widespread in both. 

The two varieties of the hawthorn sere are separated on the basis of the 
presence or absence (or rarity) of ash. Floristically the two are similar, the 
sere without ash containing 35 species, the sere with ash 39. There are seven — 
Acer cam/pestre^ Calhina vidgaris, Rubits idaeiifi, Ruscm aculeaUis, Salix caprea, 
Ulex europaetiSy Viburnvm. opulus — not recorded from the sere without ash, 
whilst there are three- -Hum, ulus lupulus, Pinus silvestris (subspontaneous), 
Prunus -not recorded from the sere with ash. All these species play 

a minor part in the vegetation in which the dominants are the same. Apart 
from the variation in the frequency of ash, the main difference is found in the 
relative frequency of the species common to both; Clematis, Cormis and 
Rubus fruticosus (agg.) are more frequent and Ilex more evenly distributed 
in the sere with ash, whilst Prunus spinosa is more frequent and Rhamnus 
more widespread in the sere without ash. 

The Hawthorn Sere without Ash, 

On the whole, the variety without ash is more exposed than the variety 
with ash. Exceptions occur ; for example, the yew communities on the sheltered 
western slopes of Bottom “B,” Hillhampton and Wascombe Bottoms; and 
exactly why ash is scarce in, or absent from these localities is not understood. 

In the develoj)ment from scrub to yew- wood the same stages are recognised 
as in the juniper sere and the process of invasion and succession is similar; 
only the differences need be emphasised here. The species are listed in 
columns 9 21. 

The chief constituents of the scrub, Crataegus and Prunus spinosa, arc 
accompanied by a number of shrubs whose frequency varies much in different 
localities. In the Butser Hill examples there are only 15 species, all, except 
the dominants and yew and elder, with a low frequency, but in Stead Combe 
(Fig. 3, 9) and Kingley Vale (Fig. 2, 14) there are -25 species including many 
of the commoner ‘‘chalk" scrub elements, some with a high frequency — 
Euonyrnus (f.), Ligustrum (a.), Rosa mic/rantha (f.). A similar difference is 
noted between the richness of yew scrub from Holt Down (Fig. 4, 15) and 
Kingley Vale (Fig. 2, 18) (29 species) and the poverty of the same stage from 
Butser Hill (14 species). These differences are emphasised by the accom- 
panying grassland which near the Butser Hill examples contains much less 
Poterium sanguisorba than in the other localities, where this species is con- 
spicuous. The probability is thus indicated that the present grouping includes 
habitats whose soils are really different. 

The association of yew and hawthorn in this sere is much less common 
than that of yew and juniper in the juniper sere. This is due to the lesser 
ability of the hawthorn to shield invading yews so that not only are yew 

19—2 
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families fewer in number but they enlarge much more slowly. That they are 
progressive is shown by the dead remains of Crataegus, ClemMis and Rubus 
fruticosus (agg.) found under the yews. Thus yew scrub and the developing 
yew-wood belonging to the hawthorn sere are much opener than the corre- 
sponding stages of the juniper sere, the large and small yew families being 
separated by gaps, which, in rabbit-infested areas, bear a scattered scrub, a 
crisp turf, rabbit-immune herbs or no vegetation at all. The establishment 



Fto. ,3. hketch-map of Stead Combo showing distribution of the “yew system” and the “beech 
system.” A very old yew grows in the position marked X; pure yew-wf)od is local marked T. 
Five old pioneer beeches grow in the positions marked ?\. The ash-oak associes has l)e('n 
almost entirely obliterated by the beech associes advancing up the slope; patches (A-O) 
remain. 

of fresh yew families is therefore difficult and the approximation of the 
existing ones slow. Locally this may not be true, as for example in a large 
patch of “thicket” yew scrub on the eastern slope of Bottom “B,’’ nor does 
it hold good generally of the yew scrub in Kingley Vale. This, however, is 
derived on its western side from juniper scrub and on the valley side from 
slowly fusing scrub clumps, and here the intervals between the yews contain 
a rich scrub. The general openness referred to is not observed in the final 
stage but the two examples from Kingley Vale (Fig. 2, 21) and Hillhampton 
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Bottom are of small extent and do not upset the conclusion based on the 
study of the preceding stages that the passage from scrub to yew-wood is 
typically much slower in the hawthorn than in the juniper sere. 



Fici. 4. Sketch-map of woodland on Holt Down, showing the distribution of the “yew system” 
and the “beech system.” In the “yew system” ash grows only on the lee side. The ash-oak 
associes of the beech system is represented by ash -hazel coppice. 

Changes in form and frequency accompany increasing shelter. Exposed 
and isolated blackthorn, hawthorn and yew are lopsided; in vscrub, hawthorn 
frequency increases in clumps nearer the yew scrub, and in the yew scrub 
near the head of Bottom ''B” attains a height of 25 ft. The frequency of 
Clematis, Cornus and Bhamnus is also greater in yew scrub and developing 
yew-wood than in scrub. 

At the most, ash and oak are occasional and small except in one locality 
where ash is locally frequent. This is the northern margin of the developing 
yew-wood on the western slope of Hillhampton Bottom. Beech is recorded 
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only from the Stead Combe scrub where it grows isolated and in families, 
demonstrating the rapid transition from scrub to beech wood in exposed places^. 

In the yew scrub of Bottom “B,” where there are no trees apM’t from the 
yew, there grows a patch of Mermrialis 'perennis. 

The severe rabbit pressure is demonstrated in the Butser Hill examples 
by the large areas of bare soil with a mobile rubble of chalk stones and flints, 
by patches of short grassy turf, and by the replacement of grassland by an 
assemblage of plants disliked by rabbits — Senedo jacobaea, Cirsiuni lanceo- 
latum, Urtica dioica, Teucrmm scorodonia, Myosolis arvensis^. In addition, 
small (7 9 in.) heavily grazed bushy yews are found, and the shoots of Crataegus 
and Pnirius spinosa are cut ofi’. In this way beds of low-growing decrepit 
rnmus spinosa are formed. The activity of rabbits is not limited to shoots 
accessible from the ground but is pursued into the crowns of taller bushes 
(3-4 ft.), where the upper sides of branches are barked and young erect shoots 
cut across. This results in a flat or convex crown which can extend laterally 
but not, or very slowly, upwards. A keeper informed me that this was the 
work of rabbits during the winter months when food is scarce, but in September 
I collected fresh shoots lying on the ground below the bushes. Both Prunus 
spinosa and Crataegus are attacked in this way. 

In this sere Sambucus is locally common, growing abundantly on loose soil 
cast up round rabbit burrows and fairly frequently on soils exposed by severe 
rabbit grazing: its unusual frequency in the examples from Butser Hill is 
correlated with lieavy rabbit pressure. Although apparently immune to 
rabbit attack, Sambucus seems to have little power to extend or persist, and 
this localisation is probably connected with the requirements of seed ger- 
mination and seedling establishment, because the absence of Sambuc/us from 
grassland cannot be attributed to rabbit activity. And the same may hold 
good for some of the herbs which replace degenerate grassland. 

In these rabbit-infested areas attempts to colonise gaps by woody species 
other than Sambucus are largely frustrated, so that the openness of yew scrub 
and developing yew-wood and the slow fusion of yew families are readily 
understood. It is doubtful if under present conditions large areas of continuous 
pure yew-wood could be formed. 

In the pure yew-wood in the north-east corner of Hillhampton Bottom the 
yew attains a height of 40 ft., and the average girth of six large yews is 8 ft. 3 in. 
(2*5 m.) — the largest measures 9 ft. 2 in. (2-75 m.). As in the juniper sere, 
the largest yews in the valleys grow at the head of the valley or in that part 
of the community nearest to it; the size decreases outwards along the slope. 
Thus the direction of movement along the slopes, indicated by the order of 
the developing communities is confirmed by the age of the yews. 

1 Watt. 1924, p. 182. 

2 For a fuller account of this kind of vegetation, see Tansley and Adamson. Lx. 1925, 

pp. 211-218. 
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At the head of Bottom “B” large gaps, occupied by turf, by rabbit- 
immune herbs and by a large colony of Sambucus, separate members of an 
apparently decadent scrub of hawthorn, sloe and yew. 

The Hawthorn Sere with Ash. 

In this sere the normal course of development to yew-wood is not inter- 
rupted by the entrance and subsequent elimination of ash; its presence 
merely delays the appearance of pure yew-wood. The following stages are 
recognised: scrub, yew scrub, ash scrub, yew-asli scrub, yew-ash wood, yew- 
wood. 

These stages are identified from the most sheltere.d {)arts of Stead Combe 
(Fig. 3) and Kingley Vale (Fig. 2) and from the three slopes Downley Brow 
(Fig. 5), Chilgrove Hill (Fig. G) and Holt Down (Fig. 4), where development 
takes place mainly away from the direction of the ])re vailing winds. Wind and 
rabbit activity are apparently the chief factors limiting the distribution of 
scrub, which is found best developed to leeward of the Downley Brow and 
Holt Down woodlands. In the similar position on (4iilgrove Hill rabbit 
activity has denuded the narrow strip of steep slope between the woodland 
and an abandoned chalk j)it now being colonised by a rich scrub. In the 
grassland of the lower slopes colonisation by woody plants is extrenudy 
difficult, as the work of Tansley on Downley Brow proves, so that the scrub 
forms a discontinuous fringe to the lower side of the woodland strips of 
Downley Brow (Fig. 5, 28) and Chilgrove Hill and along the upper exposed 
margin of Stead Combe (Fig. 3, 30). In Stead (k)mbe this marginal scrub 
widens out on the more sheltered gently slojhng and east facing part of 
Cocking Down, and along the upper margin of Downley Brow (Fig. 5, 29) 
and Chilgrove Hill (Fig. (>, 27) the scrub forms a continuous and wider zone. 
In the grassland of the lower slope of Chilgrove Hill (Fig. G, 2G) and in the 
valley bottom of Kingley Vale (Fig. 2, 25) scrub clumps of varying size and 
with or without trees are found. 

The extent of the scrub sets limits to the successful establishment and 
spread of both ash and yew: young ash is indeed locally abundant in the 
grassland but is kept down by f)ersistent grazing, and isolated yews suffer in 
the same way. Of these two trees, ash is the more mobile so that where scrub 
is extensive and conditions suitable ash colonisation precedes that of yew. 
This is exemplified on Downley Ifrow (Fig. 5, 24) and Chilgrove Hill (Fig, G, 23) 
where an ash scrub stage precedes effective yew colonisation. On Holt Down, 
probably because of exposure rendering ash establishment difficult, yew scrub 
precedes the stage with ash, which even then appears on the lee side only 
(Fig. 4, 15 and 31). 

On the other hand, where the scrub is of small extent and its spread 
extremely slow, as in the narrow fringing scrub and in the scrub clumps, no 
such fractional separation of the stages can take place and scrub passes 
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Fig. 5. Sketch-map of woodland on Downley Brow showing the serai stn-ges in the development of yew-wood, and ash scrub and the beech 
associes of the be^h system. Development is mainly to leeward. In the aah scrub occur degenerating groups (F) of old pioneer beeches. 
The beech system is continuous with the ash-oak associes (sere 3) of the plateau. 
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directly to yew-ash scrub. The effect is seen in the abrupt transition from 
grassland through a narrow zone of yew-ash scrub to a later stage with old 
yews and in the structure of scrub clumps consisting of yews encircled by a 
narrow scrub colonised by ash. That the rate of enlargement of some of these 
clumps is extremely slow is evidenced from the very large and old yews, the 
average girth of eight large trees being 14 ft. 8 in. (4*47 m.) — maximum 
21 ft. 0 in. (6*4 m.). These still border on grassland or are hugged by a narrow 
scrub. Some of the larger clumps at Kingley Vale show development towards 
true woodland structure which is attained in certain clumps at Chilgrove, 
where there is a canopy of ash, a definite shrub layer, and a ground flora 



Fig. 6 . Sketch-map of woodland on Chilgrove Hill shovdiig similar distribution of stages found 
on Hownley Brow. 


dominated by Mermrialis . The zone of scrub along the upper margin of the 
Downley and Chilgrove woods is freely invaded by ash and yew but is too 
narrow to permit a separation of the ash scrub and yew-ash scrub stages, 
although ash is decidedly more frequent than yew along the forward margin. 

The ash scrub consists of a hawthorn scrub freely invaded by ash which 
forms the canopy. The tangles of dead Clematis^ Crataegus and Rubus 
fruticosus (agg.) indicate the change from open conditions to growth under 
canopy and demonstrate this ash scrub to be the early stage in the development 
of the ash-oak associes preceding beechwood^. The only woodland herb is 
Mermrialis which is occasional to locally frequent, but no true ashwood with 

1 Watt. Lx. 1924, p. 164. 
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shade forms of Crataegus and with a woodland flora is found. This is prevented 
by the establishment and spread of the yew in the ash scrub, thus giving rise 
to the yew-ash scrub. Here, by the establishment and growth of young yews, 
and by the enlargement of existing yew families, the scrub is gradually sup- 
pressed, but the taller ash survives. The rate of development varies much. 
At Downley and Chilgrove the ash scrub is effectively colonised by yew which 
quickly suppresses the scrub, but at Stead Combe, where the yew-ash scrub 
(Fig. 3, 32) is extensive, the process is a slow one. This is apparently correlated 
with the openness of the hawthorn scrub, in which diffuse yew families and 
scattered yews occur. Here, too, there is a woodland flora dominated by 
Mermrialis perennis. 

In the yew-ash wood most of the scrub has been suppressed, and the wood 
consists essentially of an upper diffuse canopy of ash and a lower of yew. 
This stage is identified from Stead Combe, Chilgrove (Fig. G, 33) and Downley 
(Fig. 5, 34), but is best represented at Kingley Vale (Fig. 2, 35), where the 
yew-ashwood occupies the whole of the north-west corner. 

The ash attains a height of 50-60 ft. (15-18 m.) and a diameter of a foot 
or more; some old stems lie rotting on the floor. The yews are of large and 
imposing size, up to 40-50 ft. (12-15 m.) in height and to 18 ft. G in. (5-G4 m.) 
in basal girth — the average of 17 large trees at Kingley Vale being 13 ft. 2 in. 
(4 m.). By the death of some old yews gaps occur whose flora is described 
later (see p. 300). 

The Kingley Vale yew-ashwood affords an excellent illustration of the 
extreme slowness of the fusion of yew families, for in the lower part of this 
wood relicts of the original scrub still survive between yews considered by 
Lowe to be 500 years oldL In the upper and younger part of the wood the 
development has been much more rapid. 

When the ash trees die, their replacement by young growth is prohibited 
by the shade of the yews; yew-ashwood passes to yew- wood. This appears 
locally in Stead Combe but is best developed on Downley Brow, where the 
canopy is almost pure. The derivation of the yew-wood from the approxi- 
mation and fusion of yew families is evident from the arrangement of the 
smaller straight-stemmed yews round the larger pioneer forms; from the 
association of the surviving ash with the smaller yews; from the dead ash 
and hawthorn on the floor; and from the relicts of scrub in small enclaves. 

The direction of spread is confirmed from examination of the size of the 
yews in different stages and in different parts of the same stage On Chilgrove 
Hill, Holt Down and Downley Brow the size of the yew increases from the 
early stages to the last stage reached in the different localities; at Kingley 
Vale the oldest yews are found nearer the foot of the slope, and at Stead 
Combe the oldest yews, including one with a basal girth of 19 ft. 9 in. (6 m.), 
grow near the boundary between the yew community above and the beech- 

^ Lx. p. 60 . 
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wood below, in the position marked X in Fig. 3. In all these invasion has 
taken place outwards from the oldest yews; faster along the slopes than up 
and down and faster up than down; in the valley bottoms faster up than down. 

While ash, oak and beech are unable to grow under a yew canopy, they 
may colonise the intervals between yew families in the developing yew society 
and may become locally dominant there. In this last case development may 
proceed to maturity, when the colony exhibits true woodland structure and 
is to be considered an outlier of woodland. The relation of the yew to these 
will be considered in the next section. Meantime attention is directed to 
isolated trees or groups of trees which form patches of developing woodland 
within the developing yew society. 

Two facts are relevant here: the longevity of the yew and its dependence 
on scrub. So long as scrub grows in the intervals between yew families the 
yew can colonise readily and gradually fill up the gap. This process is well 
illustrated in the development from scrub to yew-wood just described, in 
which the long-lived yew utilises and then suppresses the scrub of the ash 
scrub and then outlasts the ash. In this way pure yew-wood is formed. The 
same may apply also to oak although oak is rarely found in the developing 
yew-woods. With beech the case is different, especially if it has a pioneer 
form and grows in groups, as for example at Chilgrove and Stead Combe. 
The shade cast by the beech kills out the scrub and hinders yew colonisation 
and even if yew does become established the saplings often die or show poor 
growth and few leaves. It is doubtful if this colonisation is really effective. 
The beech is unable to regenerate and the surrounding long-lived yews still 
survive when by the death of the old beeches a gap is formed. This will 
not usually be occupied by the yew until scrub first becomes established. 
Groups of beech may in this way hinder the development to pure yew- wood. 

The Development of Woody Veoetation in the Valleys. 

A separation between the seres has been made to trace the development 
of the different kinds of vegetation, but it has been shown that the two haw- 
thorn seres and the juniper sere may contribute to the formation of a valley 
yew- wood; all three types of sere contribute to the yew- wood of Kingley Vale. 

Photographs 1 and 2 (PI. IV) show the striking limitation of the yew- woods 
to the valleys. This is due to the absence of scrub in the adjoining plateau 
grassland, but where the soil is deeper with superficial loamy deposits a 
hawthorn scrub is found, in which yew readily becomes established (see 
PI. IV, Phot. 1 and 4, Figs. 1 and 2). In the bottoms of narrow valleys scrub 
and yews are absent owing to the intense rabbit grazing there. 

From a study of the ages of the yews in the valleys as a whole it is found 
that the oldest yews grow near the head of the valley in the part most sheltered 
from the prevailing winds and that the age decreases outwards with distance 
from this point. This is true of all the valleys. It is thus believed that yew 



300 Yew Communities of the South Downs 

colonisation first began here in a scrub of the hawthorn type and spread 
outwards, the scrub forming an advancing zone under the shelter of the 
progressing yew- wood and changing its character as the environment changed; 
in the more exposed parts hawthorn scrub is replaced by juniper scrub. 

Juniper scrub may form a separate centre for yew invasion, as on the 
eastern spur of Kingley Vale and on the eastern slope of Hillhampton Bottom, 
wliere, locally, development has proceeded through yew scrub, developing 
yew-wood to pure yew-wood. At Hillhampton Bottom the interval between 
this outlieir and the yew-wood in the north-east corner has been occupied by 
a juniper scrub which has succeeded rapidly to developing yew- wood by the 
free invasion of yew. 

In any one sere the oldest yews are found in the most advanced stage 
represented in a valley, and not in the most advanced stage of development 
represented irrespective of sere. Thus the yew-ash wood at Kingley Vale 
contains the oldest yews on the slopes but it is flanked by pure yew-woods 
which, although distinctly younger, have nevertheless attained the final stage 
in their respective seres. 

It is where the yews are oldest that degeneration begins. 

Degeneration of Yew-woods. 

Three stages in the process may be described: failure to recolonise gaps 
formed by the death of old yews; disappearance of the yew- wood except for 
some relicts ; abandonment of the area. 

The difficulties attending the colonisation of primary gaps by yew and 
ash have already been pointed out and the same is true of gaps formed by the 
death of old yews. This is best illustrated in the yew-ashwood at Kingley 
Vale where a snowstorm in the winter of 1913-14 is reported by Mr Collie, 
the late forester at Goodwood, to have caused much damage, uprooting large 
and some small yews and breaking the branches of old standing trees. The 
gaps formed are bare or are colonised by a flora of special interest. The 
following are the species recorded from 13 gaps : 


Atropa belladonna in 5 gaps 

Carox glauca 

+ 

„ „ seedlings l.a. 

Cirsium palustrc 

+ 

Bryonia dioica in 4 gaps 

Fragaria vesea 

o.— l.f. 

Cornu 8 sanguinea in 1 gap 

Myosotis arvensis 

o. 

Clematis vitalba seedlings in 3 gaps 

Mercurial is perennis 

Id. 

Fraxinus excelsior, one- and two-year seedlings 

Prunella vulgaris 

o. 

„ „ two young plants in 1 gap 

Senecio jaoobaoa 

o. 

Ilex aquifolium in 2 gajis 

8onchus oleraceus (seedlings) 

l.f. 

Taxus baccata, one seedling 

Urtica dioica 

Ld. 

M „ one plant b in. liigh, nibbled 

Sambucus nigra in tdl 13 gaps 

Verbascum nigrum 

+ 

Veronica chamaedrys 

Viola hirta 

V. silvatica (agg,) 

o. 

o. 

o.— l.f. 


Mosses are well represented in species but have difficulty in maintaining 
a foothold owing to rabbit activity. 
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The list shows that neither ash nor yew is successfully colonising the gaps 
formed. Only two ash plants older than 2 years were found, the majority of 
seedling ash being eaten by rabbits, as were also the yews, one of which, 
•growing up in the fork of a superficial branched root, had temporary pro- 
tection but is now closely nibbled. There is no establishment of a scrub fit 
to protect the seedlings; only the relatively immune Bryonia, Atropa and 
Samlniciis being at all well represented. Sambmus is present in all the gaps 
and dominant in some. 

There is an abundance of yew seeds on the floor of the wood, but the vast 
majority are without kernels. Some of the seeds have been split into two 
equal halves, but many have holes with ragged edges cut in them. The 
seeds are believed to be split by tits and the ragged holes made by mice^, 
but both observations lack experimental verification. 

The beginnings of degeneration at the head of Bottom ‘"B” are demon- 
strated by the large gaps occupied by abundant Sarnhucus and rabbit-immune 
herbs; a later stage is seen at the head of Hillliampton Bottom (PL IV, Phot. 3 
and 4, Fig. 1). This area is heavily rabbit-grazed. Herbs avoided by rabbits 
predominate, but on part of the western slope these are replaced by a crisp 
grassland over which loose chalk rubble is slipping down the slope. The 
woody vegetation is represented by two groups of clumps separated by a 
zone almost without woody plants. These groups adjoin the woods of the 
eastern and western slopes respectively. In both cases the clumps are domi- 
nated by yew families accompanied by a scrub of the hawthorn type. Some 
of the clumps are progressive as the dead remains of scrub under the yews 
show, although enlargement of the clumps is slow; but some families are 
without effective scrub elements and fail to extend. Some yew families indeed 
are represented by isolated old yews clear of branches 4-8 ft. up. In the 
clumps the oldest yews are of pioneer form and large size (the largest measuring 
10 ft. 7 in. in girth). It is worthy of note that ash grows here, and in the 
adjoining developing yew-wood on the western slope this tree is confined to 
the zone next to the clumps just described. 

Between the two groups of clumps lies the area of closely nibbled grasvsland 
in which grow one isolated hawthorn, two isolated sloes and three old yews. 
These yews are near the foot of the slope and girth f) ft. 3 in., 7 ft. 3 in., and 
9 ft. 0 in. The last two are clear of branches from 4 9 ft. up and on the first, 
large branches begin at 6 ft., but small epicormic branches grow out below 
(PI. IV, Phot. 3, Fig. 1). 

These three old yews as well as the isolated old yews near the developing 
yew-wood are considered to be the survivors of a community with yew and 
ash, which once occupied this part of the valley, the present distribution of 
ash marking the former bounds of this community. 

1 But aep also Kirchner, Loew and Schrdter. Lehcmgcjfchichtc dor Blutonpf anzcn Millel- 
curopas, 1, 1908, p. 77. 
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In addition to these detached yew clumps and large isolated yews bordering 
the northern margin of the yew-wood, developing clumps with young yews 
and isolated yews about 1 ft. in diameter, 10 ft. high and branched to the base 
grow on the western slope. These are considered as pioneers recolonising the 
abandoned area. 

On the western slope of Hillhampton Bottom the oldest yews border on 
the area now almost abandoned, but in the woods of both slopes of Wascombe 
Bottom the oldest yews grow near, but not on, the north-west margin and are 
separated from the abandoned area by a narrow belt of almost continuous yew 
contiguous with the main body. 

At the head of Wascombe the vegetation consists mainly of herbs avo'ded 
by rabbits. On the western part two areas of grassland with much moss are 
found, one adjoining the yew-wood the other on the slope of the western arm 
of the bifurcating valley head. Woody plants are represented by the following : 


Atropa belladonna 

l.f. 

Bryonia dioica 

o. 

CorniiH sanguinoa 

1. 

CrataegiiH monogyna 

o.—f. 

l*nnnis Hpinosa 

o. 


8orbus aria r. 

RharaniiH cathartious o. 

Kubus fruticosus (agg.) dead r. 

Sambiicus nigra f. — l.d. 

Taxus baccata f. 


These are found singly or in clumps: the larger clumps consist mainly of 
Sanibiicus, Many of the hawthorn bushes are old and thick-stemmed and the 
decrepit sloe is pruned by rabbits. 

Taxus may grow singly or in company with Rubus, Cralaegvs and Rhamnus 
or may form small families. The yews vary in height from I to 20 ft., and are of 
pioneer form, branched from the ground. The diameters of the two largest were 
estimated at 21^24 in. It is of interest to note that on the eastern slope and 
just outside the yew-wood there grow within a radius of about 20 yds. nine 
young yews from 12 to 18 in. high — all untouched by rabbits. 

(k)mplete abandonment of the head of the valley and a later stage in 
recolonisation are demonstrated in Wascombe Bottom (PI. V, Phot. 5, and 
Fig. 1, p. 286). The only evidence that yew-wood once occupied the head of 
tlie valley is that the oldest yews grow^ near the north-west margin and that 
general progression of the woody vegetation is south-eastward along the slope. 
Direct evidence has disappeared with the complete disappearance of the 
original community. 

It is of interest to observe here that Bottom '‘B,” Hillhampton Bottom 
and Wascombe Ik^ttom demonstrate a series in yew-wood degeneration, which is 
probably related to the size of the valleys. For it is likely that the longer and 
more sheltered valley of Wascombe would be first colonised and the yew- wood 
develop earlier than in the smaller bottoms. These in turn show yew-woods 
in descending order of development — Hillhampton, “ B’' and '‘A” Bottoms. 

The conclusion that the yew-wood has abandoned the head of the valley 
is supported by the distribution of the yews in the neighbourhood of Deep 
Combe and Malcombe (v. Fig. 7). Reference, to the figure will show that the 





rhot. 5. Mead of Wasconibe bottom, sliowing part of the rabbit-devastated area abandoned 
by yew-wood. On the right appear yews reeolonising tlie area. 

I'l'ansley and Adamson, 1925, J’l. \’I, Idiot. I 






Idiot. 6. Molt Mown, sliowing open hawthorn scrub with yew invaders 
south of the beech associes. 

[Tansley, Types of British Vegetation, Id. XVIII//.] 
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Fio. 7. Skotch-map showing distribution of woody vegetation round Deep Combe. The yew 
community has moved out from the valley, mainly eastwards and nf)rth-east, wards, and is 
now represented by the yew Ht)cioty and by abundant yews to the south of it in the forward 
zone of the ash-oak associes. The abandoned valley is now oeeu|)ied by the bt^ech system. 
Similar relations hold good in the adjoining valley of Malcombe. 
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yews occur round and above the head of Deep Combe and that the bulk of 
them are found eastwards of the valley. North-eastwards lies a Taxm 
society^: elsewhere the yews are mostly scattered although patches of locally 
dominant yews are found. The structure of this society indicates progression 
eastwards. On the east and north-east margin the yew community is in the 
yew scrtib stage with some older pioneers but many young yews. The average 
height is from 15-20 ft., and the average girth of 27 stems is 23 in. (extremes 
13 in. and 48 in.). Behind, the yews stand less densely upon the ground and 
an easy passage can be made under the higher and closed canopy ; the average 
girth of 29 stems is 34 in. (extremes 9 in. and 8 ft. 8 in.). In the ash-oakwood 
behind there is one yew family but the yews are mostly scattered ; the tallest 
are from 35 to 40 ft., and the average girth of 29 stems is 48 in. (extremes 
11 in. and 8 ft. 10 in.). 

The distribution of the yews in the adjoining valley of Malcombe corre- 
sponds closely with that for Deep Combe. There is, however, no yew society 
although patches of locally dominant yew are found in the ash-oak associes 
east of the valley. 

The evidence from Deep Combe shows that the Taxus community is 
migrating outwards from the valley — the main body travelling eastwards and 
north-eastwards. Here the abandoned area has been occupied by woodlands 
which have developed from scrub to ash-oakwood and beechwood. 

Summary of Section I. 

In this section the structure and development of several yew-woods on 
the South Downs are described, and evidence brought forward to show that 
these are migratory. 

The yew meets with considerable difficulty in establishing itself in grass- 
land. Perhaps ccesis in a grassy turf is difficult but the prevalence of closely 
nibbled isolated yews and the frequent association of yews with prickly shrubs 
suggest the efficacy of the animal factor in preventing successful yew invasion 
of grassland. This suggestion is supported by the close parallel between the 
degrees of susceptibility of prickly scrub elements to rabbit attack and the 
efficiency of these elements in promoting yew colonisation. Juniper is least 
attacked by rabbits and the association of juniper and yew is the most 
frequent. Hawthorn comes next in importance. For successful yew colonisation 
of grassland, scrub is essential. 

The conclusion come to in a previous work that juniper and yew are the 
most wind-resistant of scrub elements is supported by the observations 
recorded here: hawthorn scrub is best developed in the most sheltered parts 
of valleys whilst a juniper scrub may be present on the exposed slopes as 
well as on sheltered slopes. 

Two seres are recognised: a juniper sere and a hawthorn sere. Both 
culminate in pure yew-wood, but in the juniper sere the passage from scrub 

1 Watt. Lx, 1924, p. 167. 
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to yew-wood is rapid, whilst in the hawthorn sere it is much slower and may 
include intermediate stages with ash. 

The size and height attained by adult yews decreases from the hawthorn 
sere with ash, through the hawthorn sere without ash to the juniper sere. 

A comparison of the sizes of the yews in these valleys shows that the 
oldest yews grow in the most sheltered part and that size diminishes outwards. 
The juniper scrub may also form a centre from which the yews spread. 

During development the yew kills out the scrub and forms a community, 
which, like the elephant herd, is socially well developed because of the 
longevity of the individuals. The vast majority of the yew seeds and seedlings 
are destroyed and when old yews die the re-establishment of a scrub protective 
of the few yew seedlings is prevented ; the yew is unable to regenerate and th e 
yew community dies out. This begins in the most sheltered part of the valley 
where colonisation first took place and spreads outwards leaving a gap where 
yew-wood once stood. A slow yew recolonisation of these abandoned areas 
is taking place. 

Ash, oak, and beech may grow in the intervals between the families of the 
developing yew society but because of the longevity of the yew and its capacity 
to endure shade, succession to yew-wood is not prevented, except sometimes 
perhaps by the beech. 

As long as scrub maintains itself so long will the yew advance, and since 
hawthorn scrub is best developed to leeward yew advances most rapidly and 
abundantly eastwards, rather than westwards in the face of the prevailing 
winds. 

Yew-wood is a single generation migratory community and owing to its 
dependence on scrub is best considered a society of scrub. 


SECTION II. KELATION OF YEW-WOOD TO OTHER WOODY COMMUNITIIOS 
The relationship between the two varieties of the hawthorn -yew sere and 
the normal succession of woody vegetation of seres 3 and 4^ is presented 
schematically below. 
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In seeking to discover the relationship which the yew society bears to the 
normal succession, only the sere with ash need be considered since no direct 
evidence is obtained from a study of the variety without ash. By comparing 
seres 3 and 4 with the sere with ash it becomes apparent that the normal 
succession is arrested in the scrub or ash scrub stage by the spread of the 
yews, which by the formation of a closed society delay or check the invasion 
and development of ash-oakwood and beechwood. The relation of the yew 
to these later stages of the normal sere forms the subject matter of this 
section. 

In the areas examined the full succession of each of the seres 3 and 4 is 
not seen, though stages representative of the general succession are found. 
No full treatment can therefore be given of the behaviour of the yew in the 
different seres of the. South Down woodlands and while differences may be 
expected, they are probably not substantial as between the related seres 
3 and 4. 

The first requirement is a correct interpretation of the facts. For the 
woodland on Downley Brow an interpretation different from that of Adamson 
is given and my conclusion is supported from an analysis of similar woodlands 
on Chilgrove Hill and Holt Down. In these three areas I consider that we 
are dealing with two systems (designated briefly the yinv .system and the 
heevh syniem) originating at some distance from each other on the same slope, 
with the beech system to windward of the yew system (see Figs. 4, 5, 6). 
To leeward of each the earlier serai stages are found. The generalised schemes 
of the two systems are as follows : 

Yew i^ysteni. Scrub, ash scrub, yew-ash scrub, yew-ashwood, yew-wood. 

Beech system. Scrub, ash-oak associes (ash scrub, developing and mature 
ash-oakwood), beech associes, beech consociation. 

The yew system was described in Section I. In no area examined is the 
full series of the beech system discovered but the evidence from the three 
woodlands mentioned previously is supplemented from Deep Combe and 
Stead Combe. Neither the scrub nor the beech consociation of the beech 
system has been observed in any of these areas. 

The Beech System. 

Ash scrub. Between the yew system and the beechwood on Chilgrove Hill 
(Fig. 6, 36) and also on Downley Brow (Fig. 5, 37) is a zone occupied by an 
ash scrub similar to that already described as the first stage in the develop- 
ment of the ash-oak associes from scrub^. It consists essentially of a hawthorn 
scrub freely colonised by ash with occasional trees of oak and beech, which 
on Downley Brow is also locally dominant. Most of the ash trees are young 
but a few are old. Old yews are occasional only (average girth of four trees 
on Downley Brow = 9 ft. 5 in.), and the yew families are largest and most 

» Watt. X.c. 1924, p. 105, 
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frequent near to the yew system, becoming smaller and less frequent towards 
the beech wood. Hazel is a conspicuous shrub. 

The origin of this ash scrub is clear. On Chilgrove Hill it consists of 
isolated, fused and fusing clumps of scrub with much young ash, separated 
in parts by enclaves of grassland. In the practically continuous and older 
ash scrub on Downley Brow the evidence is not so obvious, but in one gap 
were found Geniiana mnarella^ Thymus kerfyllum and some grasses. These 
enclaves and relicts of grassland point to the superseding of grassland by 
scrub in which ash has become freely established. 

On Downley Brow two gaps occur: one is due to the death of an old 
beech and bordered by two surviving and younger beeches, and now bears 
some Samhucus and Ruhus idaeus; the other, formed by the death of two old 
beeches round whose stumps grows a scrub of Rnhus fruticosiis (agg.), Cornus, 
Vilnirnuni lantana, Clematis and Sambur/iis, is now colonised by sapling ash. 

In the Downley ash scrub there have been at least four beech clumps; two 
of these are noticed in the preceding paragraph; the third consists of a pioneer 
20 ft. in girth at 3 ft. from the base, encircled by a number of semi-pioneers; 
the fourth is described in more detail. It is situated near the boundary between 
the yew system and the ash scrub and consists of six old beeches, five of which 
have the form of pioneers and one of a semi-pioneer. One pioneer is dead. 
Two survivors measured 1 5 ft. 4 in. and 1 6 ft. 4 in. in girth at 3 ft. from the 
base and are without doubt old trees. Under the beeches there are no shrubs, 
not even yews, but Mercarialis is occasional and small nibbled ash plants 
are frequent. The clump is closely surrounded by shrubs of which Taxus is 
dominant, but none of the encircling yews are large and all are clearly younger 
than the beeches. 

Ash-hazel coppice. The ash-scrub in the two previous localities is replaced 
on Holt Down (Fig. 4, 38) by a coppice which is completely enclosed, on the 
north by yew scrub and yew-ash scrub and on the south by beech wood. 
Standards of comparatively young ash, beech and yew are found distributed 
in the coppice of hazel and ash: hazel (some probably planted) is dominant 
next to the yew- wood, and ash next to the beechwood. Here also grow 
Sorbus, Samhucus, Euonymus and Clematis, but with a low frequency. 

Developing ash-oahwood. Flanking the beechwood in Deep Combe (Fig. 7) 
the ash-oak associes occurs — a narrow zone to the west, a wide zone of 
developing ash-oakwood (sere 3) to the east. Similar relations obtain in the 
adjoining valley of Malcombe, but here the ash-oak associes to the west is 
represented by a line of relicts on the beech associes of the plateau above. 
The developing ash-oakwood to the east of Malcombe belongs to sere 2. The 
structure, origin and development of these woods have already been described^. 

In the developing ash-oakwoods the yew has a varying frequency (occasional 
to frequent to locally dominant). All ages are represented from young yews 
1 Watt. L.c. 1924, pp. 160-176. 
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11 in. in girth to old yews 8 ft. 10 in. in girth. It is clear that regeneration is not 
prevented ; but it is weak, and local dominance is due to older yews almost 
certainly established in the scrub or ash scrub which preceded the developing 
ash-oak wood. It is also significant that the yew is most frequent along the 
forward margin of the developing ash-oakwood (Deep Combe) where the wood 
is in a late ash -scrub stage. Immediately behind the yew society the yews 
are scattered except for one yew family. There is however no evidence to 
prove that the old yews represent the relicts of a once continuous yew-wood 
which has opened out with age and allowed the succession to ash-oakwood. 

Mature anh-oakwood. Along the boundary between the yew-ash and 
beechwood at Stead Combe (Fig. 3) the ash-oak associes is represented by 
relicts; for the most part beecliwood presses hard on the yew-ash scrub and 
yew-ashwood. Brief reference is here made to three of these relicts. Near the 
eastern end an enclave in the upper margin of the beechwood is dominated 
by Fraxinns and Mercurialis in their respective layers, the shrub layer being 
rey^resented by occasional Crataegus: there is no Taxus, Midway along the 
slope there is an enclave dominated by Quercus robur and again there is no 
yew. But tliis associes is best represented in the south-west corner of the 
valley at the foot of the slope and adjoining the beechwood. The following 
are the chief woody plants and herbs: 


Acor carnpestre 

o. 

Quercus robur 

a. 

Cornus sanguinoa. 

o. 

Taxus baccata (all comparatively young) 

o. 

Corylus avtillana. 

o. 

OryopteriB filix-mas 

0. 

Oratacigus monogyna 

o. 

Fragaria vesca 

f. 

FagUB silvatica 

o. 

Mcreurialis perennis 

d. 

FraxinuB exoolsior 

d. 

Oxalis acetOBclla 

f. 

F. excolsior (young) 

la. 

Viola hirta 

o. 

Ilox aquifolium 

o. 

V. silvatica (agg.) 

f. 


The structure is that of a mature ash-oakwood. Yew is occasional, but 
despite the ])roximity of old yews there are no old plants here. 

Beech assodes. Beech woods in the associes stage are found on the wind- 
ward side of the woodland strips on ChiJgrove Hill (Fig. 6, 39), Downley 
Brow (Fig. 5,40) and Holt Down (Fig. 4,41); on the lower part of the 
southern slope of Stead Combe (Fig. 3,42); and in the valley bottoms and 
neighbourhood of Deep Combe and Malcombe (Fig. 7). The beechwoods in 
the first three localities are little more than very large clumps. 

The structure varies considerably in the different localities, and with the 
dominant beeches there grow ash and oak varying in amount according as 
the associes is in an early or a late stage. On the exposed slopes enclaves 
may be filled with a scrub colonised by secondary and dependent ash^ which 
on Holt Down is coppiced. The shrubs and ground flora vary with the canopy. 

All forms of the beech, from aged pioneers to young erect stems, are 
represented; young stems predominate in the developing associes, but on 
Holt Down most of the trees are old. The “parents” of the Stead Combe 

^ Watt, Lx, 1924, p. 160. 
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wood are probably five very old dead and dying pioneer beeches found along 
the slope about the middle of the wood; and of the Downley Brow wood two 
old pioneers (17 ft. 3 in. and 12 ft. 10 in. in girth at 24 to 30 in. from the base) 
growing near the southern margin. Pioneer oak and ash are also occasionally 
found. 

In all cases the direction of spread is mainly towards the yew system. This 
is confirmed from the occasional beech invaders in the ash scrub of Cliilgrove 
Hill and Downley Brow, and in the ash-hazel coppice of Holt Down; and from 
the included ash and oak along the boundary between the beechwood and the 
yew-system of Stead Combe. 

North-east of Malcombe yews are occasional to locally frequent in the 
young beech associes; elsewhere in the late beeich associes in tlie neighbourhood 
of Deep Combe and Malcombe they are sporadic or even absent, despite the 
proximity of fruiting yews. Frequently those that are found grow near and 
under the immediate canopy of ash or where the beech canopy is more open. 
In the beech associes of the other areas yews are frequent. 

The yew trees vary much in form and condition. Occasionally old pioneers 
are found, as for example locally in the forward margin of the beech associes 
in Stead Combe, where the old yews have been included, and near the southern 
edge of the Downley beechwood, where two pioneers grow measuring 9 ft. 1 in. 
and 9 ft. 5 in. in girth; but the majority of the trees are young and have 
obviously grown up under the beech canopy. These young trees are for the 
most i)art spire pointed, diffusely branched with scanty foliage — the leaves 
persisting on the secondary branches about 4 years only, and although sur- 
viving longer on the main branches are scattered. Under richly branched 
beeches occasional yews are flat topped, while under pioneer beeches no 
young yews grow. The young yews are obviously unhappy and whether they 
set seed is doubtful. 

One instructive old dead yew was found in the late beech associes above 
Malcombe. It was about 2 ft. in diameter and of pioneer form but it had 
produced from near the base an erect stem which had grown to a height of 
about 30 ft. and a basal diameter of 8 in. This stem, an obvious accommoda- 
tion to new canopy conditions, had also died. 

Scnih. To windward of the beech associes on the slopes there grows a 
scrub which varies in composition but shows similar structure. It consists 
of isolated bushes and scrub clumps in which trees may or may not be 
established; yew is an invader in all areas. The Holt Down scrub is shown in 
n. V, Phot. G. The beech associes is either not invading this scrub at all, 
as for example on Holt Down, or is pushing into it very slowly as on Chilgrove 
Hill and Downley Brow. These areas demonstrate the quick transition from 
scrub to beechwood of exposed slopes^. 


1 Watt. Lx, 1924, p. 182. 



310 


Yew Communities of the South Dowm 


The Relation of Yew to woods of Ash-Oak and Beech. 

The status of the yew communities has already been determined; it is a 
society of scrub. This does not exclude it from occupying a position in ash- 
oakwoods or beechwoods, but in this case the yew society is in them but not 
of them. For the case is quite conceivable, although a yew society in beech- 
wood has not come under my observation, that the migrating yew society 
may be overtaken and surrounded by oncoming ash-oakwood and beechwood, 
and yet owe nothing to them for its establishment or maintenance. 

In the woodlands examined we have seen that the yew society may 
originate in scrub or in ash scrub, but no example of establishment in de- 
veloping ash-oakwood, mature ash-oakwood, beech associes or beech con- 
sociation has been observed. The later stages of the normal sere do not seem 
to favour yew society establishment. The relation of the yew to different 
kinds of woody communities will now be discussed. 

Rfdation to sarub. This has been discussed; the yew society may develop 
here. 

Relation to ash scrub . The evidence from Chilgrove Hill and Downley 
Brow shows that the yew society may also develop here. 

Relation to developing ash-oakwood. In the developing ash-oakwood there 
is a breaking down of the typical scrub structure and a building up of the 
typical forest structure. Both in Deep Combe and in the adjoining Malcombe 
yews grow in this stage. Some are obviously included from scrub but some 
have grown up under the new conditions. These however show no definite 
movement towards the formation of a continuous canopy and the development 
of a true society. Yew may be a locally abundant constituent but local 
dominance is excluded, apart of course from the local dominance of a group 
of yews surviving from scrub or developed in ash scrub. 

Relation to mature ash-oakwood. In the small areas of mature ash-oakwood 
in Stead Combe, yew i=i only an occasional constituent despite the proximity 
of abundant and old yews. In other woods previously described^ yew may 
however be much more conspicuous; and is on the whole more frequent in 
sere 3 than in sere 2. 

Relation to beechwood (beech associes and beech consociation). On p. 191 
of the work cited the statement is made that as development of the beech 
associes proceeds the yew is gradually eliminated; and this is true of the 
beechwoods in the neighbourhood of Deep Combe and Malcombe. In the 
beech associes of Chilgrove Hill, Downley Brow, Holt Down and Stead Combe 
the frequency of the yew varies but is on the whole high. In the beech 
consociations of the plateau yew is infrequent and Adamson states that “in 
the majority of existing beechwoods Taxus is only an occasional tree^.” In 
the “beechwoods on ehalk” (sere 4) he further says, “The yew is present in 


1 Watt. Lx. 1924, pp. 165-171. 


^ Adamson. L.c. 1922, p. 209. 
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all of them, but is not abundant except in Head Down Hanger; in this wood 
the yew is locally subdominant and in the degenerate wood at Downley 
Bottom it becomes locally dominant^.” Regarding Head Down Hanger the 
following is a transcript from my notes made during a brief visit: ‘‘Much 
Taxus^ mostly young. Middle aged yew dead under pure beech canopy but 
young yews surviving with few or short lived leaves.” 

The general condition of the yews varies with the density of the canopy. 
Between the normal healthy yews growing under an open canopy and the 
poorly developed flat-crowned yews under beeches of semi-pioneer form there 
are all transitions. Under richly branched and heavily foliaged beeches the 
yew is absent. 

The shade- bearing capacity of the yew, the greatest among native trees, 
is pointed out by most writers, but according to Jaennicke*'^ the tree is sensitive 
to long continuing shade; and according to my own observations the yew does 
not grow well under a continuom and dosed canopy of pure beech. Exactly 
how long it survives is not known, but the majority of the yews observed are 
young. On yews growing under these conditions ripe fruits have not been seen. 

Perhaps too much stress is laid upon shade as a factor limiting the growth 
of plants under woodland canopy. Root competition is an important and 
sometimes a deciding factor, but the yew shares with the beech the capacity 
to grow on shallow calcareous soils and its root system is probably as efficient 
as that of the beech. 

The yew has a low specific conductivity (12 ± 2)^, but unlike Rtiscus 
acdleaius, Daphne laureola and many conifers it can grow in dry places subject 
to drought: it is a soil xerophytc but not a dry climate plant. Conwentz^ 
reports that in the district of Heidenau, Bavaria, “shade” yews, when exposed 
by the removal of the spruce and beech canopy, were observed to sicken and die. 

In the woodlands described here the yew attains larger dimensions in the 
hawthorn sere of deeper soils. 

The example described of a yew which exchanged its pioneer form for 
the diffuse shade form to suit the new conditions is paralleled among scrub 
elements, for example by Crataegus, which is a bushy plant in the open but 
assumes the shade form under canopy. The death of “open” forms under 
shade and their replacement by shade forms either from the same stock or 
by new individuals is a subject requiring fuller investigation than has hitherto 
been accorded it. 

A thicket scrub of hawthorn may be impregnable to trees, but under 
canopy there is no hint of Crataegus forming a definite closed society. Taxas 
seems to behave in a somewhat similar way, forming a society in the open, 

^ Adamson. Lx, 1922, p. 121. 

3 Jaennicke, quoted by Kirchner, Loew and Schrdter. Lx. 1908, p. 62. 

« Farmer, Proc. Roy. Soc. Ser. B, 90, 1919, p. 218. 

^ Gonwentz. Engl. Rot. Jdhrh. Beiblatt46, 1912, p. 48. 
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but although sometimes locally abundant in woods of ash, oak and beech it 
seems unable to form a closed canopy under such conditions. 

Yew regeneration is of course severely handicapped by animals which 
destroy the seeds and eat the seedlings and older plants. And this factor is 
undoubtedly important, though it is not offered as a full explanation of the 
inability of the yew to form a closed canopy in ash-oakwoods and beech woods. 

The Interpretation of Chilorove Hill, Downley Brow, Holt 
Down, Stead Combe and Deep Combe Woodlands. 

Yew system. The development of the yew system has been discussed in 
Section 1. 

Beech system. On Chilgrove Hill, Downley Brow and Holt Down only 
two stages of the complete normal sere of woody communities are found, viz, 
ash scrub (and coppice) and the beech associes. The ash scrub of Chilgrove 
H ill still shows the clump structure and enclaves of grassland, that of Downley 
Brow is in a later stage of development but relicts of grassland occur. 

The beechwoods of these slopes resemble the beech associes of exposed 
slopes in which ash and oak are secondary and dependent, filling up the 
intervals between the beeches. On the windward side the ash-oak associes is 
not developed on Chilgrove Hill and Holt Down but is represented by patches 
of ash scrub on the more sheltered southern end of Downley Brow. In all, 
invasion of the ash scrub and coppice to leeward is taking place. 

The relation of the ash scrub to the beech associes is clear; the ash scrub 
is the early stage of the ash-oak associes developed to leeward of beechwood 
and compares in structure with ash scrub as described in previous work. 

To leeward of the beechwood in Deep Combe the normal succession is 
found — scrub, ash scrub, developing ash-oakwood — but as yet sufficient time 
has not elapsed to allow the ash-oakwood to attain to maturity of structure. 
Locally the developing ash-oakwood is hemmed in between the yew society, 
which occupies the position of the ash scrub, and the beech associes advancing 
from the valley: in part the beech associes abuts directly on the yew 
society. 

A later stage in this process of obliteration is demonstrated in Stead Combe, 
where for the most part the beech associes, probably derived from a few 
pioneers still extant, presses hard on the yew system. There is clear 
evidence to show that an ash-oak associes has been overcome by the beech 
associes advancing toward the yew-wood ; relicts of mature ash-oakwood are 
found. 

From these areas an almost complete normal sere of woody vegetation 
can be reconstructed. This is in conformity with the development of the 
woody vegetation described in previous work. 
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The Origin of the Yew-woods and the Place of Yew in the 

Beech System. 

In only one of these five areas — Deep Combe - is there evidence to show 
that the yew society has migrated from its original position. Subsequent to 
its withdrawal the woody communities of the normal sere have originated in, 
and progressed outwards from, the valley. 

In Stead Combe it has been shown that the oldest yews grow on the slope 
near the south-west corner of the valley. There is no evidence that yew-wood 
ever existed on the site now occupied by beechwood, and if scattered pioneer 
yews ever grew there they have quite disappeared. Difficulties in the wuy of 
yew establishment and extension were pointed out in the study of the woody 
vegetation on the floor of Kingley Vale, and the observations from Downley 
Brow and Chilgrove Hill emphasise these obstacles on the gentler lower parts 
of these slopes. To detail the exact course of the development of woody 
vegetation on the lower slopes of Stead Combe is impossible, but the evidence 
justifies the conclusion that a succession of hawthorn scrub, ash-oakwood and 
beechwood has taken jdace. 

On the three slopes, Chilgrove ITill, Downley Brow and Holt Down, there 
is again no evidence to show that the yew-woods have withdrawn from their 
original position or are migrating as a whole along the slope. This simply 
means that the yew society is comparatively recently established and that the 
original colonists are still extant: that the yew society will migrate, under 
conditions similar to those existing, seems clear. That migration and sub- 
sequent colonisation by ash scrub and beechwood has taken place is negatived 
by the occurrence of scattered old pioneers in the beech system. These 
pioneers are old, but none are quite as large as the largest yews measured in 
the latest stage of development represented in the adjoining yew system; they 
are however of the same order of magnitude. 

From internal evidence the early history of these woodlands can be 
reconstructed. In a hawthorn scrub scattered in the grassland of the slopes, 
appeared yew invaders. The scrub to leeward, benefiting from the shelter of 
that on the windward side, developed more quickly and allowed a more rapid 
growth of the yew families in the position now occupied by the largest yews. 
The increased shelter thus afforded by the wind-resistant yew promoted the 
spread of scrub to leeward and with it the extension of the yew, the growth 
of yew families and the differentiation of the serai communities. 

The development of the vegetation windward of the yew system can best 
be explained by picturing the state of the vegetation before the establishment 
of the beech and the beech associes: this is materialised in the scrub south of 
the beech associes on Holt Down, which consists of a scattered hawthorn 
scrub with scrub clumps and yew invaders (PI. V, Phot. 6). Since the position 
of this scrub was to windward, development both of the scrub itself and of the 
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yew families was very slow and quite old yews occurred scattered in the open 
scrub. The establishment of the beech and its subsequent development to 
woodland provided shelter and stimulated the growth of scrub, which rapidly 
filled up the intervals between the original clumps and permitted the growth 
and spread of ash, hitherto absent or rare in the exposed open scrub. The 
spread of the scrub allowed more rapid increase in the size of the yew families. 

This hypothesis conforms to the known behaviour of ash, beech and yew 
and explains the distribution of old pioneer yews both in the ash scrub and 
in the beech associes. The frequency of hazel in the ash-hazel coppice is in 
conformity with its frequency in the ash scrub of the beech system. 

On Downley Brow, in addition to the young beech invaders, there are four 
clumps. In these all the trees now living are old, of pioneer and semi-pioneer 
form, and have grown up in open conditions such as prevailed during the early 
stages of vegetational development windward of the yew system. In the open 
scrub with yews of that period, pioneer beeches had become established. Three 
of them at any rate have reproduced and formed a family, but no further 
extension has taken place. These clumps are degenerating, but they are not 
considered to be the remnants of an original beechwood but pioneer clumps 
which have failed to extend. 

Of the woods considered by Adamson to be degenerate^ two arc included 
in the present account, viz. Oxenbourne Down (eastern slope of Wascombe 
Bottom) and Downley Brow. The Downley yew-wood he considers as having 
arisen from a beechwood from which the dominant trees have been removed 
or died and he finds in the degenerate beech clumps and in the presence of 
some woodland plants such as Arum nuwulaiuni and Mermirialis 'perennis 
evidence of previous continuous woodland cover. He also sees in the present 
distribution of the beech clumps the progression of destruction of the beech 
forest. The origin of the Oxenbourne wood is not so obvious, but he classes 
it along with the Kingley Vale yew-wood and considers both as a subclimax 
due to the destructive action of rabbits in large numbers. 

The following criticisms of this view are offered : 

1. The presence of MercyariaUs pcrennis and Arum niaculatum cannot be 
held as reliable evidence for the former existence of woodland because both 
occur in places reproducing woodland conditions, e.g. under scrub and by 
hedgerows. 

2. On Downley Brow the beech clumps consist of trees showing pioneer 
or semi-pioneer forms which could only have appeared in open conditions. 
Further there is no relation between the supposed progression of beechwood 
destruction and the stage of development reached by the yew-wood. 

3. The view does not explain the occurrence of old pioneer yews in the 
beech system: yews grown under canopy do not develop bush or pioneer 
forms. 

1 Adamson. Lx. 1922, pp. 206, 208-210. 
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4. The phenomena of invasion and succession are left unexplained. 

5. On a 'priori grounds it seems possible that yew- woods could arise from 
beechwoods, but there is no good evidence to support this view: in fact, the 
evidence from the plateau woods shows that the yew tends to disappear from 
the later stages of the beech associes. 

Status of the Adult Yew community. 

The preceding analysis shows that the yew loses its high sociability value 
in the woodlands leading to the beech consociation; in these, in fact, the yew 
community disintegrates. 

The determination of the status of the adult yew community in the 
vegetation of the South Downs is based on the well-attested belief that the 
beechwoods are progressive. On the calcareous soils of areas not yet or but 
insignificantly invaded by the beech the Downs east of the Ariin, Butser 
Hill and much of the lower dip slopes of the western wooded area — grassland 
predominates, and scrub with yew societies is found in valleys and sheltered 
places. This is believed to represent the original condition of the vegetation 
in areas now wooded. Grassland is climax and the yew forms a society in 
post-climax scrub, growing in areas whose local climatic conditions favour 
the development of woody communities. On slopes similar favouring con- 
ditions are provided by the coalescent yew groups to leeward of which in- 
variably occurs the main development. 

On these calcareous soils formerly dominated by grassland the arrival of 
the wind-resistant beech provides the conditions necessary for the extension 
of scrub and woodlands of ash and oak. Although yews are found in this 
scrub of the main line of succession, there is apparently no time for the 
development of the yew society which is not normally found there. Occurrence 
within the main line, as at Deep Combe, is due to a society of the original 
scrub being overtaken in its migration by the faster moving ash-oakwoods 
and beechwoods, in which the yew society disintegrates. The yew society 
is therefore not a normal constituent of the succession leading to beechwood 
and in Clement’s nomenclature is a relict society. 

In summary we may say that the adult yew community is a society of the 
original post-climax scrub and a relict society in the succession culminating 
in the present progressive beechwoods. 

Summary of Section II. 

The analysis of five South Down woodlands shows that one part consists 
of a series of stages leading to pure yew-wood, the other to beechwood. These 
are called respectively the yew system and the beech system. In no one area 
are all the stages of the beech system found. The following is the generalised 
succession : 

Yew system. Scrub, yew-ash scrub, yew-ash wood, yew- wood. 
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Beech system. Scrub, ash-oak associes, beech associes, beech consociation. 

In four woodlands the yew system extends to leeward of the beech system ; 
the fifth grows on a sheltered valley slope. 

The structure and development of the yew system is described in Section I. 
It is believed that the yew-wood originates by yew invasion of a scattered 
scrub growing on a slope. Development and differentiation of the serai stages 
take place to leeward, whilst to windward the scrub remains in an open 
condition. 

The beech system is believed to arise subsequent to the establishment of 
a protective woodland of wind-resistant beech. To leeward succession proceeds 
through scrub to ash scrub, developing and mature ash-oakwood, beechwood. 
The ash-oak associes may be artificially stabilised as coppice. 

The relation of the yew to these woody communities is discussed. The 
yew society may arise in scrub and in ash scrub, but although yews may be 
locally abundant in developing and mature ash-oakwood and in beechwoods, 
there is no good evidence to show that a yew society can be formed there. 
The inability of the yew to grow well under a continuous and closed canopy 
of beech is pointed out. 

Previous views on the origin of yew-woods are criticised chiefly on the 
ground that they fail to explain the phenomena of development described in 
this paper. 

The fact that all the yew-woods described both in Sections I and II are 
remote from or on the outskirts of blocks of progressive woodlands of ash-oak 
and beech is evidence in favour of the interpretation put forward. 

Grateful acknowledgements are due to Mr Tansley for criticising the 
manuscript and to the Carnegie Trustees for financial assistance in carrying 
out the work. 


Aberdeen, March 1926. 
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INTRODUCTTON 

In the present paper the jilant communities and certain retrogressive 
changes on small well-defined peat areas in the Edmonton district will be 
described, and the origin of the peat deposits discussed. 

In Canada the term ‘'muskeg” is applied to areas of peat covered with a 
certain type of vegetation. The term is practically synonymous with peat-bog. 
Sphagmim is usually a much more pronounced feature in the peat areas of 
Canada than it is in northern England and Scotland, and trees of small or 
moderate size frequently occur on these areas. These features often give a 
very different impression to the usually treeless areas of Northern Britain. 
Many plants are common over these areas in both countries, but in Canada 
Ledmn groerdandicum, takes the place of Calhma vulgaris as the dominant 
shrubby ericaceous plant. It will be convenient in considering the distribution 
and succession of the vegetation if a brief description of the topography and 
meteorology of the district is given first. 
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TOPOGRAPHY 

All the peat areas to be described lie within 30 miles of Edmonton, on the 
last step of the plateau east of the Rocky Mountains, which rise about 200 
miles due west of Edmonton. The general altitude varies between 2180 ft. 
(Edmonton) and 2500 ft., the country being gently undulating except along 
the main river valleys, which usually descend abruptly to 200 ft. below the 
plateau, with steeply sloping gorges where tributaries enter the main valley. 

Reference to the map will show, to the east and south-east of Edmonton, 
areas in which lakes occur in great abundance, varying in size from Cooking 
Lake, 9 miles long and from J to 4| miles wide, to small pools 300 ft. across. 
Over an area of 400 square miles there are several hundred lakes large enough 
to be marked on a scale of 3 miles to 1 inch, and the total number, including 
the smaller lakelets, is probably greatly in excess of this number. 

Much of the lake country differs somewhat in topographical features from 
that found elsewhere. Little hillocks abound, seldom more than 15 or 30 ft. 
high, often connected by curving ridges with flat basins between, and it is in 
these basins of varying size that the lakes and muskegs occur. All this country 
lies within the 2400 ft. contour line and therefore forms a plateau about 300 ft. 
above the country eastward which drains immediately into the Saskatchewan 
Valley. None of the lakes is of any depth, the maximum in Cooking Lake 
being 18 ft. whilst most of them are from f) to 12 ft., and may be described as 
flat-bottomed basins lying on drift. The general flora of the waters is prolific, 
members of the Cyanophyceae being abundant, with many diatoms, a general 
absence of desmids, and a scarcity of filamentous members of the Chloro- 
phyceae (see List, pp. 331-2). The lakes are frequently bordered by a zone 
of Carices and Scirpi, backed by zones of willow or spruce. 

METEOROLOGY 

Very few data exist except figures for rainfall and temperature, and even 
these records are available only for a few stations, are often imperfect, and 
do not extend over many years. 

The rainfall records for three widely separated stations, North Cooking 
Lake about the centre of the lake area, Rocky Mountain House, 90 miles 
south-west of Edmonton and GO miles from the mountains, and Red Deer, 
] 00 miles south of Edmonton, are given below. 




Annual Precipitation (inches). 





1910 

1917 

1918 1919 

1920 

1921 

1922 

1923 

1924 

Athabasca 

— 

— 

♦ 

22-87 

14-69 

13-44 

14-95 

18*34 

North Oooking Lake 


— 

14-58t 15-.33 

19*53 

14-00 

12*85 

16-99 

18*27 

Red Beser 

22*79 

10*58 

* 13-40 

12-81 

♦ 

12-21 

22-92 

20*07 

Rocky ML House 


22*53t 

18-95t * 

♦ 

— 

9-5(>§ 

♦ 

18-14 

Incomplete returns. 

t Jan.- 

-Fob. missing. 

X Oct. missing. 

§ July-Aug. missing. 
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The earliest records do not date back farther than 1916, and some years 
are so incomplete that they have not been included ; in others which are less 
so, the months that are missing have been indicated. 

It is impossible to draw any certain conclusions from these records except 
that the rainfall is about 1 5 in. per year in the lake region, at Rocky Mountain 
House about 18 in. and at Red Deer about 16 in. Much of this comes as snow 
during the winter months but varies from 6 in. or even less in some years to 
a total winter fall of 5 or 6 ft. in other years. We are indebted to Sir Frederick 
Stupart, Director of the Dominion Meteorological Service for these figures. 
The difficulty of maintaining continuous records in sparsely settled districts 
must be great, and this was much accentuated during the later years of the 
war. I'he need of more scientific study of meteorological conditions such as 
light intensities, evaporation, relative humidity and wind movements, is 
obvious, the more so as climatic conditions are more variable in the north-west 
of Canada than anywhere on the Continent. 

Probably no year ever occurs when the muskegs are not frozen continuously 
between early October and the latter part of April. Activity of the vegetation 
is thus limited to five months of the year or even less. Owing to high tem- 
peratures and frequent unclouded skies during the growing season, temperature 
gradients in peat areas are extremely abrupt. Thus in June or July with a 
shade temperature of 90'’ F. at the surface of the muskeg, the ground may be 
frozen 18 in. below the surface, and in many of tlie muskegs in which there is 
little or no circulation of water, the layers 2 ft. below the surface remain 
permanently frozen. Since many of the muskegs are not more than 100 yds. in 
diameter and are surrounded by banks of dark alluvial soil covered with 
poplar and grassland and sometimes cultivated, no greater contrast of con- 
ditions or vegetation within a small distance could well be found. 

During the winter, humidity is nearly always extremely low and although 
it may attain a high value for short periods in the summer, the mean value 
is usually small. As regards rainfall, humidity and temperature, the climatic 
factors are not those usually associated with rapid or extensive peat formation, 
and the retrogressive changes seen in so many of the muskegs would probably 
be more marked were they not frozen for about seven months in each year. 

VEGETATION OF AREAS NOT COVERED WITH l^EAT 

The area under discussion lies near the northern boundary of the parkland 
that stretches across the central region of Alberta and is bounded on the 
north by coniferous forest and on the south by northern prairie, which differs 
essentially in climatic features and vegetation from the semi-arid prairie 
lying farther south. The parkland belt in the meridian of Edmonton is about 
160 miles in width and extends 40 miles north of the Saskatchewan River. 
It may be regarded as a transition zone between the prairie and the northern 
coniferous forest. Originally this undulating plateau was fairly continuously 
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covered by various species of poplar and shrub thickets. The dominant tree 
is Populus tremuloides Michx. and although much has been cleared for agri- 
cultural land, probably the major part of the area is still tree-clad. Accom- 
panying the dominant species of poplar are several others, P. deltoides 
March, P. mrgeMtii Dode. and P. balsarnifera L. being locally abundant. 
Thickets of Salix are frequent, and throughout the country may be found 
Picea albertiana G. Brown (the western form of P. canadensis) occurring either 
singly or in groups and frequently becoming the chief tree in the river valleys 
and ravines. The coniferous covering is greatly extended by the numerous 
muskegs in certain regions. The chief tree here is Picea mariana (Mill) B.S.P. 
(black spruce), although Larix laricina (Du Roi) Koch frequently accompanies 
it. Birch is not abundant and chiefly occurs on the sides of some of the valleys 
and on muskegs. 

The flora of the poplar woodland consists of a number of shrubs, among 
which species of Rhaninus, Lonicera, Ribes, Rosa, Alnus, Salix, Shepherdia, 
Eleagnus, Prunns, Amelanchier, Syfnphoricarpus are most noticeable, while 
the ground flora includes Linnaea, Dispormn, Mertensia, Potentilla, Mitella, 
Pyrola, 

The contrast of this form of vegetation, so uniform over large areas, with 
the plants found on the muskegs is very great, and is accentuated by the 
small size of many of the muskegs and the very narrow transition zone — often 
only a few feet across — from one type to another. 

DISTRIBUTION OF MUSKEGS 

While the two areas mentioned have been selected for description it may 
be of interest to indicate briefly the main features of muskeg distribution 
over larger contiguous areas. Muskegs at various stages of development or 
retrogression are of course confined to the parkland and coniferous forest to 
the north and are quite unknown in the prairie regions. In the parkland there 
is a progressive increase to the north and to the west. The most southerly 
muskegs observed are in the region of Lacombe, 87 miles south of Edmonton, 
and thus approximately 33 miles north of the southern boundary of parkland, 
but farther west examples occur in a more southerly position. A marked 
feature is their constant association with regions of lakes. 

The distribution of peat areas is not indicated on any topographical or 
geological maps, and for this reason any account of their distribution in such 
a wide stretch of country must necessarily be imperfect. Generally speaking, 
the areas increase in extent west and north-west of Edmonton and on approach 
to the coniferous forest, continuous areas many miles in extent are encountered. 
Some of these larger areas have a different vegetation and probably vary in 
their developmental history from the small basins in the Edmonton district, 
but nothing has yet been recorded regarding these features, and from a 
botanical point of view they are quite unknown. Peat-covered areas are 
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unknown in the Eastern Rocky Mountains, but in the foot-hill region north 
of the Edmonton parallel they frequently cover large stretches of country. 
Their association with moraine remains can be noted in all districts. 


VEGETATION OF THE MUSKEGS 
(a) Cooking Lake District. 

Between Edmonton and the northern shore of Cooking Lake lies a 
succession of muskegs occupying small, shallow and sharply defined basins. 
A number of these have been examined and two representative types are 
described here. Owing to the scarcity of place names on the maps, all the 
muskegs are designated by serial numbers and are so referred to in this paper. 

No. 1 occurs 9 miles south-east of Edmonton and its topography and 
general features are shown in Fig. 1 and illustrated in PI. VI, Phot. 1. 



Fig. 1. Muskeg No. 1 in shallow clay basin surrounded by morainic banks. 

Ph = Hydrogen ion concentration. For Vegetation, see Plate VI, Phot. 1. 
Joum. of Ecology XIV 21 
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The vegetation tends to be uniform and the dominant species are: Ledum 
groenlaudiatim Oedr., Sphagnum acutifolium var. rubellum (Wils.) Russow., 
Vacdnium vitis idaea L., F. oxycoccus L., Rubus chamaemorus L. 

Subordinate species are: Vacdnium canadense Kalm., Eriophorum vagi- 
naium Torr., Vagnera trifoliata, Cladoniapyxidata HofEm., C, rangiferina Web., 
Peltigera sp., Polytrichum commune L., P, juniperinum Willd. 

The growing centre of the muskeg consists of a small irregular extent of 
water a few feet across bordered by Sphagnum on which grow Vagnera 
trifoliata, Vacdnium oxycoccus^ Eriophorum, vaginatum^ and Larix laridna, 
A few small patches of Menyanthes trifoUaia occur in the pool, this being the 
only spot on the muskeg where this plant is found. This ecological centre is 
surrounded by mounds of Sphagnum somewhat drier in character, bearing 
Ledum groenlandicum, Polytrichum commune^ larch and seedling birch. 

The whole muskeg is dominated by actively growing Sphagnum, wet and 
spongy, forming mounds about 8 to 12 in. above the intervening hollows. 
Very little zonation of vegetation is to be seen, but as the outer zones of the 
muskeg are approached Vacdnium vitis idaea becomes relatively more 
abundant and Vacdnium oxycoccus decreases in amount. It will be seen from 
the sketch-map that the muskeg lies in a small basin and is surrounded by a 
border of Carex bog varying slightly in width, with a zone of Salices and Alnus 
close to the muskeg. The arrangement is symmetrical and the transition from 
the Carex bog to the sloping banks with Populus tremuloides and the usual 
ground flora is most abrupt. Borings were taken at several points marked on 
Fig. 1. The general depth of the basin is 8 ft. below the present surface of the 
muskeg, and the underlying material found in the borings is a stifE blue clay 
containing numerous grains of rounded quartz. This clay is described more 
particularly for Stony Plain muskeg. The peat immediately overlying the 
clay is not formed of Sphagnum and seeds and fruits of Potamogeton sp., 
Menyanthes trifoliata L., Potentilla comarum L. and Carex sp. have been 
collected from it. Thus the vegetation in this small basin was that of a shallow 
lake which in the course of time gave place to a peat bog vegetation. 

Most of these muskegs are clad, to a varying extent, by fairly large trees 
of black spruce, birch and larch. This condition seems to have persisted for 
a long time as tree remains are found in this muskeg, as far as can be ascer- 
tained by borings, throughout the peat layer. Although the trees are relatively 
small, many are of considerable age and certain features connected with their 
rate of growth will be described in this paper. The present surface water has 
a pH b over the whole muskeg, but on the Carex bog only a few feet away 
from the margin of the muskeg values of pH 8 are obtained. 

The topography in which this, and all other muskegs in this area occur 
calls for brief description. Everywhere are mounds and curved ridges enclosing 
small basins. The moimds and ridges are of slight altitude, usually about 
10 to 30 ft. high and resemble well preserved morainic ridges and mounds. 




Phot. I. Cooking Lake, No. i ISliiskeg (pyj. 321 2). 
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The material of which the ridges are formed, however, is a yellow clay in 
which occur scattered boulders of great size. The clay underlying the muskegs 
in the basins is dark blue-grey with rounded quartz grains, from mere specks 
to about 5 mm. in diameter. The system of mounds and ridges and the 
material of which they consist, suggests deposition by water action at the 
retreat of the ice-sheet. 

No. 2 muskeg occurs about half a mile east of No. 1. Its area is about the 
same, but important retrogressive changes have taken place. The whole 
muskeg is closely covered by Ledum groenlandicum with Sphagnum, The flora 
is essentially similar to that of No. 1 but the relative abundance differs, 
inasmuch Sphagnum shows disintegration, particularly on the southward side 
of the mounds. Seedling trees do not occur in such abundance, and plants 
associated with the active growth of Sphagnum, such as Vaccinium oxgcA)ccus, 
are not so frequent. The salient feature consists in the distribution of vege- 
tation types in the small basin in which the muskeg is situated. The muskeg 
is surrounded by a zone varying from 20 ft. to 100 ft. of Scirpus bog and exists 
as a platform raised about 3 ft. above the encircling Scirpus zone. The border 
in some places is abrupt and the banks steep, but on the south margin, where 
the Scirpus zone is broadest, the muskeg is scattered and occurs as isolated 
patches separated by channels of Scirpus. The flora of the isolated muskeg 
mounds consists of Eriophoriim vaginatum,, Scirpus caespitosus with Ledum 
groenlandicum, Polytrichum commute and a slight amount of Sphagnum. 

The broad zone of Sdrpus-Carex , bog, the raised platform of^ muskeg 
within, the scarcity of Sphagnum and the dominance of Ledum over the 
whole peat area, are the chief features of interest in this area. 

(b) Looma District. 

This region is intersected in all directions by a network of small shallow 
lakes containing luxuriant vegetation which appears to consist mainly of 
Utricularia intermedia Hayne, Potamogeton spp. and an algal flora of which 
members of the Cyanophyceae — particularly Nostoc — are the chief con- 
stituents. It is difficult to examine the flora of most of these lakes as they 
cannot be approached during the summer owing to their being surrounded 
by a margin some hundreds of feet wide of liquid peaty clay more than 10 ft. 
in depth. Shallow basins of smaller size and tending to be circular in outline 
are occupied by muskegs. The whole topography differs from Cooking Lake 
by the greater number and irregularity of the lakes. Four separate basins 
occupied by muskegs were examined in this district. 

No. 1 is a small area near Looma, not more than 200 yds. in diameter, 
similar in general topography to No. 1 previously described from the Cooking 
Lake district, but presenting more strongly marked features of retrogression. 

The dominant plant is Ledum groenlandicum, but this is tending to die 
out, particularly in certain spots, as will be described later. Accompanying 
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plants in the order of their abundance are: Eriophorum vaginatuM Torr., 
Vamnium canadense Kalm., Cladonia rangifenna Web., Vagnera trifolia (L.) 
Morung, Polytrichum commune L., Rubus chammmorus L., Yacdnium vitis 
idaea L. Vacainium oxy coccus is only represented by occasional isolated plants 
and from the authors’ knowledge of this muskeg the relative quantity of this 
plant seems to have decreased during the last five years. On the other hand, 
Cladonia is increasing and is invading both Sphagnum and Polytrichum 
patches. 



Fio. 2. Sphagnum mound, showing dying back of vegetation on S. facing slope. 
Vegetation in black is living, in outbno dead. No. 1 Muskeg, Looma district. 


The appearance of a mound in this muskeg is illustrated in Fig. 2. It shows 
that these mounds, which cover the surface, while built up by the original 
Sphagnum covering, are now being invaded by a different type of vegetation, 
particularly on the slopes facing the south. Because of this the appearance 
of the muskeg is entirely different according to whether it is viewed from the 
south or the north. Viewed from the north the mounds appear to be covered 
with a good growth of Sphagnum and Ledum,. From the south they appear 
brownish in colour, being covered with dead Polytrichum commune and dead 
Ledum, only the lower slopes of the south face having a slight growth of 
Sphagnum. The depressions between the mounds are covered chiefly with 
Cladonia rangiferim. A border of Car ex bog surrounds the muskeg, this 
being invaded at the outer edge by willow scrub. 

In comparing the p]L concentration of the waters from the marginal 
Carex bog and the muskeg itself there is found a steep gradient from 
salinity to a strongly acid reaction. The pH concentration of the water in 
the Carex bog is 7-5 and this remains constant to within 2 ft. of the edge of 
the muskeg. The water squeezed from the living Sphagnum on the north side 
of the mounds is pH 4*5. 
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No. 2. The general features of this small area are illustrated in Pig. 3. 
The surface of the muskeg is covered with mounds formed of Sphagnum peat 
but no living Sphagnum occurs except small isolated patches on the north 
face of a few of the mounds. The original flora appears to have been similar 
to No. 1 muskeg near Cooking Lake but progressive desiccation has caused an 
entirely different aspect. Ledum groenlandicum and Sphagnum were originally 
the dominant plants, but hardly a living plant is now to be found, although 
the surface is covered with dead branches. The living plants now consist of 
Vaccinium canadense, V, vitis idaea, F. oxy coccus (very rare), Cladonia 
rangiferina (scarce) and Poly trichum cxym/tnune. This feature of retrogression 
is probably due to the exceedingly small size of this muskeg, the actual 
diameter being 200 ft. 



The Carex border averages about 30 ft. in width and in some places is 
being invaded by Salix. Between the north side of the muskeg and the 
Carex bog lies an intermediate zone showing mounds of Sphagnum, peat, 
dead and much disintegrated and isolated patches of dead Ledum, The only 
living vegetation are plants which have immigrated from the surrounding 
poplar parkland. A complete list is as follows: Epilobium angustifolium Roth., 
Lonicera involucrata (Richards) Banks, Equisetum, sylvaticum L., Rubus arcticus 
L., Cornus canadensis L., Tussilagofarfara L., Ribes sp.^Salix spp., Populus trem- 
uloides (seedlings), Carex canescens L., Calamagrostis canadensis (Michx.) Beauv. 
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No. 3 is an example of extreme retrogression, the original muskeg having 
completely disappeared. The basin was originally even smaller than the one 
just described and the last vestige is now represented by small patches with 
isolated plants of Ledum and Vacdnium vitis idaea. On the small mounds 
(originally tenanted by Sphagnum) are now to be found many grasses, Epilo- 
bium angustifolium^ Equisetum, sylvaticum, and in the hollows between the 
mounds are Rubus arcticus, Ribes spp., Potentilla comarum^ P. monspeliensis. 

The pH of the water between the mounds was 6*0. 

Other small peat areas in this district showed similar features; generally 
speaking the greatest evidence of retrogression due to desiccation is seen in 
the smaller muskegs. 

THE STONY PLAIN MUSKEG 

Large areas of the country to the west of Edmonton consist of muskeg. 
The region that has been particularly studied lies on the north side of the 
Saskatchewan River within a thirty mile radius of Edmonton. The long 
stretches of muskeg country in this district contrast sharply with the small 
isolated basins that are so plentiful to the east. 

Passing westward from Winterburn (see Map) the main road rises over a 
lobe of plateau land at the 2300 ft. level covered with morainic deposits, and 
at Spruce Grove skirts the southern edge of the Sturgeon Valley which is 
marked out on the map by stippling — light between 2300 ft. and 2200 ft. 
and dark below 2200 ft., where there is an interrupted strip of muskeg in 
some places and fairly large white spruce in others growing on old muskeg 
ground. Our field observations show that during the retreat of the ice-sheet 
this part of the Sturgeon Valley was occupied by a lake, which at first was held 
up to the 2300 ft. contour line by an ice-lobe which filled the lower part of the 
valley of which Big Lake is now the centre. During this period the ice in the 
lower part of the valley dammed the outlet, and the head of the valley north 
of Stony Plain became filled with a marginal lake in which was deposited fine 
glacial silt, laid down as a marginal deposit below the 2300 ft. level. Subse- 
quently, as the ice retreated, the valley became partly drained through the 
gorge now extending from St Albert to Sunny Glyde, Big Lake still remaining 
as the last remnant of this post-glacial lake. 

The muskegs here, in spite of evident signs of retrogression, have not 
suffered so much from desiccation as those in the east, and this feature may 
be due to their larger size. They usually have a thick stand of Picea mariana, 
Larix laridna and Betula papyrifera^ thus approaching more closely to the 
climax type. This is particularly noticeable at the margin, where they are 
usually bordered with a fringe of taller trees, so that from a height of land 
one may see, over the lower country in the distance, long stretches of muskeg 
covered by small trees, with a border of tall black spruce that stands out 
against the horizon. 
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Phot. 4. I'orest of Picca mariana with Ledum je^rocnlandicum at the west end 
of the Stony Plain muskeg (p. 327). 



I’hot. 5. West end of Stony Plain muskeg. Muskegon the right, with Picca mariana^ Ledum 
and Sphagnum. Scirpus bog on the left (p. 327). 
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An area about three-quarters of a mile long and one-third of a mile wide 
at the south-western edge of this post-glacial lake shelf has been studied in 
detail, and retrogressive changes of great interest due to the inflow of springs 
highly charged with mineral salts will be described. The muskeg is bounded 
on each of the three sides by rising ground, tenanted by large trees of Picea 
albertiam S. Brown coming from the parkland vegetation. A study of many 
of these borders seems to show that this tree flourishes particularly well on 
the decomposed peat of the margin of receding muskegs if the margin is well 
drained. The outstanding feature of this area is a lake (Plate VIII, Phots. 6-8), 
which, instead of representing a stage of upbuilding of the muskeg, is clearly 
encroaching upon it. 

A plan of the general appearance of the area is shown in Fig. 4. The 
features presented by the numerous island outliers of mature tree-clad muskeg 
at the west end of the lake, and the character of the muskeg banks of the lake, 
at once suggested that the lake represented a stage of retrogression. It was 
not, however, until hydrogen ion concentration measurements of the lake and 
muskeg water were taken, borings over the lake bed and muskeg were carried 
out, and the dying back of Sphagnum near the lake and the presence of 
calcium salts in the peat noted, that this view became conclusive. 

An account may first be given of the vegetation units of muskeg and 
Carex-Scirpus bog. 



Fia. 4. Muskeg near Stony Plain, (a) Section along line A, B in plan, (b) showing calcareous lake 
occupying basin of decomposed peat with islands of peat still surviving. The numbers 1-4 indicate 
spots from which the water has been analysed (see p. 333). 


The Muskeg Area. 

The dominant tree is Picea ymriana (Mill) B.S.P, associated with Larix 
laridna and Betula papyrifera. The western and eastern ends are more heavily 
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tree clad (Fig. 4) and the muskeg is less denuded and more closely covered 
with vegetation. This is illustrated by PI. VII, Phot. 4 and PL IX, Phot. 9. 

The ground vegetation is composed of the following typical peat-forming 
plants which are here arranged in order of their relative abundance: Ledum 
groenlandicum Oedr., Sphagnum acutifolium^ Empetrum nigrum L., Hypnum 
spp., Vaccinmm oxycoccus L., V, vitis idaea L., Drosera rotundifolia L., D. 
linearis Goldie, Rubus chamaemorus L., R, arciicus L., Vagnera longifoUa L. 
(Morung). With these plants, and particularly under the trees or near the 
margin of the lake, occur Pyrola uliginosa, Orchis rotundifolia Pursh, Cor alio- 
rhiza wisieriana Conrad. On the more lightly wooded parts of the muskeg 
occur plants which suggest retrogressive changes, such as Salix Candida^ 
Lonicera involucrata, Epilobium angustifolium L., Limnorchis dilatata (Pursh) 
Ryd., Cladonia rangiferina, the latter being more abundant where the trees 
thin out. 

Throughout the muskeg there are clear signs that retrogression is taking 
place, for the Sphagnurn forming the familiar mounds on our muskegs is 
frequently dead towards the base, or in patches on the sides of the mound, 
and these are invaded by blue-green algae. When decomposition has proceeded 
for some time such dead patches become replaced by Hypnum^ and it is not 
uncommon to see a partly decomposed Sphagnum mound made up of smooth 
patches of peat covered with blue-green algae, while other patches show a 
close sward of Hypnum, Tests carried out in the field showed a strong reaction 
for carbonates with dilute hydrochloric acid, a reaction not given when the 
reagent is used on the living Sphagnum, 

The islands in the lake (PI. VIII, Phot. 8) have essentially the same flora, 
save that Sphagnum is replaced to a great extent by Hypnum, This type of 
vegetation changes very little until the edge of the lake is approached when 
species of Sdrpus and Car ex with Elephantella groenlandica (Retz.) Ryd., 
Parnassia palustris L,,P, glutinosa Pers., Lonicera involucrata, Triglochim mari- 
timum L., form a narrow irregular fringe about 18 in. wide (PI. VIII, Phot, 7). 

It was not found possible to cut sections through the peat on account of 
the amount of water coming through, but borings with a 2 in. clay auger and 
25 ft. extension rods were carried out in several spots of the muskeg, both 
within a few yards of the lake and near the margin of the area. All these 
borings agreed in showing a depth of 13 ft. underlain by stiff blue clay. 
Sphagnum appeared to be abundant in the peat to within a few inches of the 
bottom and the auger passed through the remains of tree trunks to within a 
few inches of the base of the peat. A thin layer at the base of the peat contains 
no Sphagnum and is made up of the remains of Scirpus, 

The blue clay was bored through to a depth of 4 ft. or 5 ft. in various 
sections. It appeared to be uniform in character, containing very little water, 
with numerous quartz grains, generally less than 1 mm. in diameter. It 
quickly dries into a hard substance only fractured with difficulty. The upper 
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Phot. 6. Calcareous lake on the Stony l*lain muskeg (cf. Pig-. 4, p. 327). 




I’hot. 8. Muskeg islands in the lake on the Stony Plain muskeg (j). 328I 
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layers contain numerous seeds or fruits of the following plants: Hippuris 
vulgaris L., Potamogeton obtusifolius Mert and Koch, Potamogefon sp., Cyperus 
sp,, Sdrpus subterminalis Torr. The remains of these aquatic plants appear 
to be confined to the upper 3 or 4 in. of the clay, at lower depths the very 
small shells of gastropods are exceedingly abundant to a depth of 4 to 5 ft. 
This gave a total depth (peat and clay) of 18 ft. from the surface, and was as far 
as it was possible for the boring equipment to penetrate owing to the exceeding 
stiffness of the clay. Mr J. A. Kelso, Director of the Industrial Laboratories, 
kindly had an analysis made of this clay, the result of which is given below. 


Silica 62-2 % 

Alumina 10- 1 

Iron oxide 3*1 

Lime 7*6 

Magnesia 1*4 

Sulphates nil 

Phosphates (P2O5) 0*1 

Ignition loss 14*4 

Alkalies, etc 1*1 


Dr J. A. Allan, Professor of Geology, to whom we are indebted for an 
examination of the clay, reports that the material is a pure glacial silty clay 
deposited near the retreating ice-point. A similar clay occurs in the small 
basins between morainic ridges and mounds in the Cooking Lake and Looma 
districts and it is upon this impervious stiff glacial clay that all the peat 
deposits appear to rest, a matter of some interest, since it gives evidence that 
the peat bogs here described began to grow immediately after the last ice- 
sheet retreated from this country. This clay will be referred to later when 
dealing with the post-glacial history of this region. 

Cjrex and Soirpus Bog. 

Reference to Fig. 4 will show this extending as two irregular areas from 
the east and west end of the lake. At the west end the Scirpus runs into the 
muskeg as a series of winding channels, the boundary between, these and the 
muskeg being exceedingly sharp as is shown in PI. VII, Phot. 5. The muskeg 
dominated by Ledum and Sphagnum is seen on the right, the boundary 
resembling the bank of a stream formed of Sphagnum, the depressed Scirpus 
bog representing the stream. 

The vegetation of the east end of the bog consists of Carex aquatilis 
Wahl., C. stricta Lam., C. prairea Dewey, Eleocharis palustris (L.) R. and S., 
J uncus stygius L., Scirpus caespitosus L., Calamagrostis confinis (Willd.) Nutt., 
Cornus canadensis L., Tojieldia glutinosa Pers. During the earlier part of the 
summer the water lies to a depth of 3 or 4 in. between the tufts of vegetation 
and becomes filled with a growth of JJiricularia intermedia Hayne. Amongst 
this Carex bog occur mounds of muskeg vegetation varying in size from a 
few inches to a few feet across and rising about 6 in. above the level of the 
bog. These last traces of the muskeg vegetation amongst the Carex show 
various phases of retrogression from stages where there is still much Sphagnum 
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and Ledum is the dominant plant, to others where the Sphagnum has 

been entirely replaced by Hy'pnum and the Ledum partly by species of Salix^ 
whilst Ele'phantella groenlandica (Retz.) Ryd., is invading the margin of the 
mound. Small trees, some dead and others barely living, frequently cap the 
summits of these little mounds. The area of Scirpus bog west of the lake, 
particularly the long strips which run into the muskeg (Fig. 4, also PI. VII, 
Phot- 5) frequently bear both larch and spruce, either singly or in patches; 
such trees are always stunted, partly defoliated or dead. They, like the 
muskeg mounds, must be regarded as part of the relict flora of the muskeg 
which formerly extended over these areas. 

At the west end of the lake the vegetation is characterised by the following, 
in order of abundance: Scirpus caespitosus L., S. paudflorus Lightf., J uncus 
stygius L., Eleocharis acuminata (Muhl) Nees, Calamagrostis confinis, Carex 
aquatilis Wahl., C, stricta Lam., C. prairea Dewey, C. aurea Nutt., Triglochin 
palustre L., Tojieldia palustris Huds., Galium tinctorum, Limnorchis dilatata 
(Pursh) Ryd. 

Much of the valley bears a vegetation which is so much afloat that care 
has to be taken in walking over it not to break through. Borings were taken 
over this area both at the eastern and western end of the lake. All of them 
showed J3~15 ft, of peat which (below the surface liquid peat) contains 
abundance of Sphagnum down to the base, which rests on the same blue 
clay crowded with gastropod shells. There is then clear proof that the Carex 
and Scirpus bog at each end of the lake is a later invasion of these areas — > 
originally muskeg — by the type of vegetation dominated by sedges, rushes 
and grasses, with other monocotyledons. 

In the next section of this paper the degree of alkalinity or acidity of the 
water in the muskeg, in the Carex and Scirpus areas and in the lake are 
recorded (p. 333); the results of the analyses of samples of lake water are 
tabulated (p. 333); and the rate of tree growth on the muskegs is graphed 
(pp. 339-40). 


The Lake and Drainage Waters. 

Seen during the summer, the waters of the lake are clear to a depth of 
about 6 in. ; below this the water is filled with a greyish to pink deposit and 
this extends to a depth of about 9 ft. The muskeg banks, which are about 

1 ft. above the water, go down abruptly, but during the summer it was not 
possible to investigate the lake or to reach any of the islands. During November, 
December and January the whole area is frozen and the lake covered with 

2 ft, of ice, and it was during this period that borings were taken over the 
whole area through holes cut in the ice. 

All the borings agree in showing that peat underlies the whole lake. The 
floor is uneven, but the average depth at which the peat is reached below the 
surface of the lake is 8~9| ft. The depth from the surface of the lake to the 



Frakcis J. Lewis AND E- S. Dowding 


831 


underlying blue clay ( which is of exactly the same character as that under- 
lying the adjacent muskeg, SdrpuSy and Car ex bog) is 13 ft. The lake then 
rests upon peat of an average thickness of 4| ft. ; this is composed very largely 
of Sphagnum and is therefore an extension of the lower layers of the surrounding 
muskeg under the lake. 

Great interest attaches to the borings taken on the small muskeg islands 
so numerous at the west end of the lake. In all cases Sphagnum peat extended 
down continuously from the surface to within a few inches of the clay floor 13 ft. 
below. These islands may be described as pillars of peat standing in the lake. 

The Spongy deposit filling up the lake to within about 6 in. of the surface 
is a peculiar algal colony which has attained the depth of about 8 ft., where 
it overlies the peat. Over its surface is spread a crust made up of pink flakes 
a few inches in diameter, curled up at the edges to reveal a blue-green under 
surface. . This surface layer is richer in blue-green algae than is the rest of the 
deposit. When this is skimmed oS there is exposed a pink substratum smelling 
strongly of hydrogen sulphide. It is made up of soft nodules forming a porridgy 
mass which can be stirred up with a stick. In it is embedded a large quantity 
of Char a ^ and near the border is abundant. As is shown below, it 

is particularly rich in diatoms and unicellular green algae. 

Various collections of this material were made and brought back to the 
laboratory for examination. It soon became evident that the deposit was an 
extremely rich algal growth. Material collected during September and 
October was sent to Mr C. W. Lowe, M.Sc., of the University of Manitoba, 
who kindly consented to examine it and we are much indebted to him for 
the following extensive list of algae from this deposit. 

Collection No. 1 was taken from the crust already mentioned overlying 
the deposit, collections No. 2, 3 and 4 from the deposit itself. No. 2 was from 
the west end of the lake in September; No. 3 from near the centre during 
November; No. 4 from a smaller lake on the Scirpus bog. Nos. 5 and 6 are 
from submerged vegetation along the margin, the former growing on Hypnum, 
the latter on Utricularia. Sample No. 7 contained a mass of a fresh- water 
sponge, dth.etSpongillafragilis or Spongilla laciistris. 

List of Algae. 

Myxophyceae 

Chroococcus turgidus (Kiitz.) Niig. 

C. limnoticus Lemm. 

C. macrococcus (Kiitz:) Raben. 

Gloecocapsa fusco-lutca (Nag. ) Kiitz. 

Aphanothoce saxicola Nag. : . . 

Microcystis sp. 

Gomphosphaeria aponina Kiitz. 

Coelosphaerium kiitzingianum Nag. 

Merismopedium tenuissimum Lemm. 

Lyngbya aorugineo-caerulea (Kiitz.) Gomont. 

Stigonema minutum (Ag.) Hass 

Also fragments of Oscillatoria, Rivulariaf Nostoc and 

Andbaena ... ... 
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List of Algae {continued). 

BaciUarieae 1 2 

3 

4 

6 

(? 

Amphora ovalis Kiitz. 


+ 


4- 


4- 


Cymbella cymbiformis Ehr. 



4- 

4- 


4- 

4 

C. cymbiforma parva (W.Sm.) H.V.H. 




4- 




0. gastroides Kiitz. forma minor H.V.H. ... 





4- 



C. ehrenbergii Kiitz. 


+ 


+ 




C. lanceolata Ehr 


+ 


4- 




Stauroneie phoenicenteron Ehr 


+ 


4- 



+ 

Navicula viridis Kiitz. 


+ 


4- 


4- 


N. oblonga Kiitz 


+ 


+ 



+ 

N. radiosa Kiitz 




4- 




N. radiosa var. acuta (W.vSm.) H.V.H. 




4- 




N. cuspidata Kiitz 




4- 




N. sphaerophora Kiitz. 


+ 


4- 




N. iridis Ehr. ... ... 




4- 

4- 



N. iridis var. producta H.V.H 




+ 

4- 



Gomphonema constrictum Ehr 




4- 



4- 

G. intrioatum Kiitz 


+ 


4- 



• 

Epithomia turgida (Ehr.) Kiitz 


4- 


4' 



4- 

E. argus Kiitz. 


4- 


4- 



4- 

Rhopalodia gibba (Kiitz.) 0. Miill. 


4- 


4- 



+ 

Synodra ulna (Nitzsch.) Ehr. 


4- 


+ 




S. ulna var. splendens (Kiitz.) H.V.H. 


4- 





4- 

Fragilaria crotonensis (A.M.Edw.) Kitton ... 




4- 




F. capucina Besmaz. 







4- 

Surirella sp? 




+ 




Hantzschia amphioxys (Ehr.) Grun. 




4- 



+ 

H. amphioxys var. elongata H.V.H. 


4- 


-1- 


4 


Chlorophyceae 

Oocystis solitaria Wittr. 


4- 




. 

. 

Tetraedron minimum (A.Br.) Hangs. 






+ 


Scenedesmus quadricauda (Turp.) Breb. ... 


4 

4' 

4 

-t- 

4- 

+ 

0)elastrum microporum Nag. 







-f 

Pediastrum tetras (Ehr.) Ralfs 




■f 


4 - 


P. boryanum (Turp.) Menegh. 

Cylindrocapsa conferta W.West 


4- 



4- 

4- 



4' 






Spirogyra (not in conjugation) 







+ 

Euastrum dubium Nag 



4 


+ 



E. insulare (Wittr.) Roy 


+ 






Cosmarium granatum Breb 


-h 

4 

4- 

4- 

+ 

-t- 

C. rectangulare Grun. 


4- 





+ 

C. impressulum Elfv. 


4- 





4- 

C. laeve Raben. 





4- 



C. pokomyanuni (Grun.) W.W. and G.S.W. 







4- 

0. hammori Reinsch. 







4- 

0. quadrum Lund 







4- 

C. humile (Gay) Nordst. var striatum (Boldt) Schm. 

+ 





4- 

C. subcucumis Schm. 







4- 

0. reniforme (Ralfs) Archer ■... 


4“ 






C. subcrenatum Hantz. 





-f 

+ 


C. botrytis (Bory) Menegh 


4 - 





4- 

C. margaritaceum (Lund) Roy and Bissett 


4 






Stauraatrum muticum Breb. 


4- 

4- 





S. polymorphurn Breb. 








S. alternans Breb. 


4 






S. paradoxum Meyen 


4- 

4- 





BuU)ochaete sp ? (Not in f ruit) 




4- 




Ophioeytium cochleare (Eichw.) A.Br. 


4- 






Ohara is also an important member of this lake flora. 

It occurs at 

the 


surface of the lake, particularly at the western end, in considerable abundance 
and is met with living in the upper layers of the calcareous deposit in the lake. 
Its remains can be recognised amongst the calcareous deposit at much greater 
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depths. Mr James Groves has kindly examined the material and has informed 
us that the species is Chara contraria with numerous root bulbils — the first 
instance of root bulbils found in this species. 

Reaction and Analysis of Water. 

We have, then, a calcareous lake with clear surface water and 9 ft. of 
calcareous material below resting on a floor of peat bounded by banks of peat. 

There being no stream either flowing into or out of this lake the level 
must be maintained by underground springs, which, as the evaporation from 
the surface during the hot summer months is considerable, and as the level 
does not noticeably vary, must be of just sufficient flow to replace evaporation. 

The acidity or alkalinity of the waters of the lake, the water on the surface 
of the Carex bog, and the water held in the masses of Sfhagmmi on the 
muskeg area have been measured in the field by means of pH indicators, the 
values so obtained being as follows: 

Muskeg area. Water squeezed from living Sjihagyiuin p\i 4-5 

Carex bog. Water from surface between tufts of vegetation 7*o 

Lake. Water from surface layers pH 9 

That the lake water with a pH value as high as 9 should be bounded 
by banks of peat with Sfhagnum having a 2>H of 4*5 shows quite clearly — 
even without the observations concerning the substratum — that the lake must 
represent a retrogressive rather than a progressive stage in the history of this 
muskeg region. 

Certain indications point to the western end of the area as the place of 
outlet of the springs feeding the lake. The Scirj)us bog at the western end is 
more obviously afloat than the Carex bog at the eastern end, while at the same 
time the eastern end is somewhat firmer but bears more water on the surface. 

In order to see whether there is any marked difference in the water from 
different regions, samples have been taken from four different spots which 
are marked 1, 2, 3, 4 respectively in Fig. 4. No. 1 sample was taken from the 
surface water about 2 ft. from the bank, No. 2, 3 ft. from the bank of a small 
bay. No. 3 from one of the numerous small pools which break the surface of 
the floating Scirpus bog. No. 4 was obtained by cutting away the floating 
mat of Sdrpus and obtaining the sample from below. The analyses of these 
samples were carried out by the Provincial Industrial Laboratories and the 
results are as follows : 



Paris per 

Million, 




No. 1 

No. 2 

No. 3 

No. 4 

Calcium 

530 

Gl-8 

78-2 

8(1-1 

Magnesium 

Sodium 

25-8 

29-0 

41-2 

39-2 

40 

0-5 

5-2 

9-6 

Sulphates (SO.,) 
Carbonates (CO 2 ) 

53-9 

01-8 

44-2 

00-0 

102-3 

103-9 

185-7 

181-1 

Silica 

0-4 

0-2 

0-4 

0-4 

Iron Oxide and Alumina 

nil 

nil 

nil 

nil 

Vegetable Matter 

990 

82-0 

42-3 

58-0 

Total Solids 

355-3 

383-6 

413-9 

401-0 
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The progressive increase of mineral salts in solution, particularly of calcium 
carbonate and magnesium carbonate, as one passes from the east end of the 
lake to the Scirpus bog at the western end suggests that the springs feeding 
the lake have their outlet in the western region of the area and this is borne 
out by the curious winding channels of Scirpus bog which intersect the 
muskeg in this region. 

The tests of the H-ion concentrations and the collection of water samples 
were made in the autumn before the area became frozen. Measurements of 
the rate of growth of trees from this and other muskegs have been carried out 
and these are described in a later section of this paper. 

It seems clear from the features described here that the muskeg began its 
history during the retreat of the ice-lobe from the Sturgeon basin. The nature 
of the clay and the presence of gastropods indicate the presence of an early 
post-glacial lake, the seeds and fruits of aquatic plants in the upper layers 
representing the primary free-floating vegetation of this lake. By the action 
of the overflow stream cutting through the glacial deposits blocking the 
trench between St Albert and Sunny Glyde (see Map), the level of the lake 
became progressively lowered, leaving the border of fine clay exposed, and 
upon this a vegetation composed of sedges and rushes succeeded the free- 
floating vegetation of the former lake. Not very much peat appeared to be 
formed by the Carex bog, but when Sphagnum and accompanying peat- 
forming plants spread, the subsequent growth of the muskeg must have 
been continuous until about 12 -13 ft. of peat was formed — probably re- 
presenting, in this northern climate with a short growing season, a considerable 
length of time. At length springs rich in calcium sulphate, calcium carbonate 
and magnesium carbonate broke out where the lake now stands. Springs as 
rich in calcium and magnesium salts as the water analyses show would 
certainly stop the further growth of Sphagnum and other peat-forming plants. 
As a result the bare peat would be exposed and water from the springs would 
collect in hollows on the surface of the peat bog. The exposure of a bare 
peat surface, the presence of organisms setting up decomposition in the peat, 
and mineral salts in considerable concentration, might be expected to produce 
in time a basin, which, owing to the causes mentioned, would tend to widen 
and deepen. The algae and Chara present in such enormous abundance are 
the chief agents responsible for the great precipitation of mineral salts above 
the floor of the lake. 

Such curious retrogressive changes in peat deposits are not in the authors’ 
experience common, although the breaking out of springs richly charged with 
mineral salts is not uncommon, particularly in the country west of Edmonton. 
In a ravine coming into the Saskatchewan Valley a few miles west of Ed- 
monton springs have formed a tufa deposit of considerable thickness and the 
decomposition of an adjacent small peat bog may be due to the percolation 
from such springs. Another peat deposit a few miles north of Stony Plain 
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near Calahoo, on the same line of muskeg country, exhibits a somewhat 
similar feature, although owing to the thinness of the peat deposit only a 
shallow basin has been formed, the floor of which is covered with calcareous 
marl. Owing to the area occurring on a slope, the hollow is not permanently 
filled with water and the algal deposit is therefore dried up except during 
the early part of the summer. These other cases have not been investigated 
in detail, and are only quoted here as a suggestion that the features recorded 
may not be uncommon on muskegs situated on the Edmonton geological 
horizon. 


RETROGRESSION DUE TO CLIMATIC FACTORS AND FIRE 

Peat bogs in the parkland belt generally show distinct stages in retro- 
gression, and the type of vegetation is now markedly different from the 
abundance of Sphagnum that must have characterised these areas at the 
period of their maximum growth. In the southern region of the parkland and 
Edmonton district the muskegs tend to be confined to small basins frequently 
only a few hundred yards or less in diameter, and stand as islands of peat bog 
vegetation in the surrounding poplar woodland. Large continuous areas of 
peat are not usually met with until the northern coniferous forest is reached. 
Generally speaking the evidences for retrogression are more marked in the 
south although the actual size of the basin is obviously a contributing factor. 
An average annual precipitation varying from 12 in. to 22 in. and a growing 
season of only four months in the year are not conditions which might be 
expected to favour the formation of extensive peat deposits. Evidences of 
the curiously localised condition of these peat areas and the abrupt changes 
of vegetation at their margin are frequent, and an interesting example is 
shown in PI. IX, Phot. 10. Here the muskeg originally lay as a narrow winding 
strip in poplar woodland. The woodland has been cleared and the ground 
(black soil) cultivated. The photograph shows the stubble of an oatfield 
passing up to the edge of the narrow fringing Carex surrounding the muskeg. 
Living Sphagnum may be absent on such a peat bog at the present time 
although the peat below is formed very largely of this moss. 

The origin of the muskegs must be sought in small lakes which dotted 
the morainic areas of the parkland after the recession of the ice, the flora of 
the lakes being represented by the seeds and fruits of aquatic plants from 
the surface of the blue clay underlying some of the areas described in this 
paper. From that period to the stage when the muskegs began to show 
retrogression, their history appears to be one of uninterrupted upbuilding by 
Sphagnum, and small trees of black spruce and larch seem to have been 
present throughout this stage. How long the retrogression period has lasted 
and how far the stages have been accelerated by fire and later by man's 
influence we have at present no evidence to show. The retrogression stages 
are probably slow compared with those which might take place in a country 
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with an open winter such as north-western Europe, for in this region the 
surface is usually frozen for seven months in the year. 

The dying back of Sphagnum seen on the south facing slopes of the mounds 
on some muskegs appears to suggest decreased precipitation and increased 
evaporation. It is possible that this may be due in part to the immense 
amount of clearing and draining that has taken place in the parkland belt 
during the last 40 years. The effect of settlement has been to clear off as 
much of the natural vegetation cover as possible in order to obtain areas for 
cultivation and the making of roads and cutting of drains has resulted in a 
great reduction of surface waters. This is all to the good up to a certain 
point, since clearing, draining and cultivation undoubtedly reduce the chance 
of late and early frosts which are a menace to successful cultivation. But in 
a country with a moderate rainfall and a very high rate of evaporation during 
the summer months, it may be doubted whether the indiscriminate draining 
of lakes and all reserves of surface waters is advisable. Many of the larger 
lakes in the Edmonton district such as Beaver Lake are quite shallow, being 
not more than 14 ft. in depth. The draining of such lakes is frequently 
discussed and could be effected without serious difficulty, but such a policy, if 
completely carried out, would certainly tend to increase aridity. 

Another factor that must be considered in regard to retrogression is fire. 
In a country in which forest fires have been so frequent in the past, it might 
be expected that very few of the muskegs would have escaped burning over. 
This may be the case, but on the other hand numerous examples occur like 
that shown in PI. X, Phot. 12, where the muskegs are closely covered with 
symmetrical trees of black spruce. These may be small but growth is slow 
and such trees are usually about 50 or 60 years old. In a season dry enough 
to permit burning, spruce in which the branches come to the ground would 
be highly inflammable, and if not destroyed would certainly retain the marks 
of burning. There are other muskegs which have clearly been burnt over, an 
interesting example of this being illustrated in PI. X, Phot. 11. This little 
muskeg in the Cooking Lake district is almost circular and not more than 
200 ft. in diameter. Remains of burnt black spruce still occur on the surface 
but the only trees growing at present are birch and poplar which have spread 
in from the surrounding parkland. No Sphagnum occurs and the original 
muskeg flora is largely replaced by grasses, willows, lichens, and Vacdnium 
vitis idaea. It is difficult to estimate the length of time since burning, but the 
birches average about 30 years of age and the burning was severe enough to 
char the surface of the peat, the signs still remaining. 

Other cases occur in which the peat has been destroyed to a consider- 
able depth, but this seldom extends over the whole muskeg and frequently 
mounds and banks occur in areas which were too wet for the fire to enter 
and where the original muskeg flora still remains but little changed. In some 
cases where a muskeg area adjoins cleared cultivated land, intentional burning 
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is carried out and this may proceed for several years and be so thorough as 
to expose the underlying clay. 

The several muskeg areas lying upon the blue glacial clay date back to 
the period immediately following the recession of the ice-sheet. Fires were 
more frequent and widespread before the coming of the white man than they 
are at present as they are now carefully controlled. It must be concluded that 
if burning was a frequent factor in retrogression the muskegs would not have 
acquired their present depth of peat. Further, in examples examined by one 
of us several years ago by means of sections, thin charred layers of peat were 
present sometimes several feet (4-6 ft.) below the present surface and the 
peat above the charred layer was formed chiefly of Sphagnum. This suggests 
that at a former period a muskeg could entirely recover its original vegetation 
after burning; from examples of more recent burning this does not seem to 
be the case at the present day. The general conclusion we have been led to 
by our observations is that retrogression occurs to-day from desiccation 
caused by changed meteorological conditions and the general clearing and 
draining of the country and that burning, while locally important as producing 
marked retrogression and even complete destruction of the muskeg, is not 
responsible for the general shrinkage in growth and change of vegetation so 
marked in the whole area examined. Muskegs in the central and southern 
region of the parkland so near prairie must be looked on as relics of a former 
condition more favourable for peat formation. 

The Age and Varying Rate of Growth of Trees on xMuskegs* 

The correlation between the rate of growth of trees and the climatic factor 
has been a frequent subject of discussion in plant ecology and forestry for 
a number of years. The most detailed study hitherto made is that by A. E. 
Douglass^ on Sequoia, Yellow Pine and other trees. 

It having been ascertained by us that the trees, although small, are of 
considerable age, an examination of sections has been made with the object 
of measuring fluctuations in the rate of growth in former periods and of 
deciding whether there are any marked differences in muskegs of various 
types and stages. 

With this object sections of trees were taken at a height of about 2 ft. 
from the ground and for each tree the number of mm. of wood added every 
ten years (this time period being selected as an arbitrary standard) were 
measured and recorded graphically. The records show an acceleration of 
growth in the first 2b years of the life of the tree, which disappears later. This 
is due not to any climatic factor but to the fact that trees have a higher rate 
of growth in youth than in maturity. The tree curves discussed here have 

^ A. E. Doug^laas. “Climatic Cycles and Tree Growth.” Carnegie Inst. Wash. Publ. 289, 
1919. See also Ellsworth Hunting'ton. “The Climatic Factor as illustrated in arid America.” 
Cam. Inst. Publ. 192, 1914. 
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been corrected for this factor according to the method described by Douglass 
by subtracting the average ‘‘Curve of Youth” from each one, and this results 
in a straightening out of the curve for the first 25 years. 

About fifteen trees from the muskeg at Stony Plain were measured, the 
five shown in Fig. 5 being representative. These all show similar well-marked 
fluctuations for the last 105 years. 

The graphs show two maximum periods of growth, one about 1835, and 
the other after 1905, while in 1885 there is a period of regression. Every 
tree without exception shows a maximum growth during 1835. The minimum 
period 1885 is becoming apparent in some of the trees 10 or 20 years before, 
but on the whole the agreement is remarkably uniform. All the trees increase 
their rate of growth after the year 1905 and in some cases after 1865, but 
during the last 10 years there is a lack of uniformity, for in about a third of 
the trees measured the growth fell off and in the remainder it increased. 

In Cooking Lake Muskeg No. 2, in which the vegetation shows distinct 
signs of desiccation, trees have been examined which show the same curves 
as those from Stony Plain. The fluctuations in this muskeg are shown in 
Fig. 6. As these trees are younger and because the curve for the first 30 years 
(being partly due to youth) has been omitted, only a few trees go back to 
the maximum of 1835. The minimum growth period of 1 895 and the maximum 
of the last 20 years correspond perfectly. 

These results strongly suggest that in the last 100 years, there were two 
maximum periods of rainfall —one about 1835 and the other about 1915, and 
that the period of 1885 was one of drought. 

The most remarkable feature shown in these records is the enormous 
increase in the rate of growth in the trees from Cooking Lake Muskeg No. 2, 
compared with those from Stony Plain: 

Average rate, mm. per year, (cooking Lake, No. 2 1*13 
„ „ „ „ Stony Plain 0-31 

thus showing that the trees on the smaller well-drained muskeg with 
a more retrogressive type of vegetation are growing about four times as 
quickly as those on the muskeg which approximates more closely to a 
climax type. 

It has also been observed that the trees of Stony Plain grow at a greater 
rate towards the east end where the Sphagnum is not growing so vigorously. 
Again, the largest trees are nearly always found along the receding border of 
the muskeg ; as the muskeg has been tree-clad throughout its history, this is 
not due to invasion taking place from the margin but to an actual increase in 
growth rate. 

The fact that the rate of growth of trees on a muskeg is the converse to 
the rate of growth of Sphagnum is borne out by G. B. Rigg^ in a study of the 
growth of trees on the muskegs of the Pacific coast, where he observes that 
1 G. B, Bigg. Bot, Qaz. 65, 1918, p. 359. 
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?rements of five representative trees from Stony Plain Muskeg, 
the graphs are corrected for youth (see text). 
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Fiq. (i. Graphs of tree-growth from Cooking Lake Muskeg No. 2 
(first 30 years of growth not included). 
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trees are retarded in growth when on actively growing muskegs owing to the 
toxic influence of the S'phagnum. 

It would be expected in a muskeg of the type of Cooking Lake No. 2 — 
small, rapidly receding and with Sphagnum scanty and in poor condition — 
that the acidifying effect of the moss would be at a minimum and the con- 
ditions for tree growth most favourable. In fact the pH of the Cooking Lake 
muskegs is 5 and Stony Plain Sphagnum is 4-5. 


SUMMARY. 

1. The vegetation, history and retrogressive changes of muskegs in the 
poplar parkland district of Edmonton are described. 

2. Sphagnum, is tending to disappear and to be replaced by vegetation 
indicating drier conditions and a cessation of peat-formation. 

3. These muskegs are formed on fine glacial clay iu small basins in morainic 
regions. Seeds of aquatic plants are present in the surface layers of the clay, 
which is covered with a few inches of Scirpus peat. Sphagnum has dominated 
the muskegs until more recent times. 

4. Retrogressions due to fire, desiccation and the inflow of springs highly 
charged with mineral matter, causing the formation of a calcareous lake in 
a peat basin, are described. 



THE SALT MARSH VEGETATION OF LITTLE ISLAND, 

Co. CORK 


By R. H. McCREA, B.Sc, 

(With one Figure in the Text.) 

The following ecological study, with the exception of the chemical analyses, 
was made during a holiday in August, 1924. 

Little Island is situated in the tidal part of the River Lee, roughly half-way 
between Cork and Queenstown. Fucus and Enteromorpha grow in abundance 
on its shores. It is at the present time not really an island but a peninsula, 
being joined to the mainland by more or less swampy meadows, through 
which drains are cut, and from which the high tides are excluded by means 
of dams and sluice-gates. It appears, from local information, that the date of 
reclamation can be fixed approximately at three-quarters of a century ago. 

The “island"’ consisted at that time of four distinct islands, the inter- 
vening land between these having been reclaimed and preserved in much the 
same way. These reclaimed lands are shown as shaded regions in Fig. 1 . 

It is these features which lend special interest to the flora of the locality, 
as various stages in its development can be traced from the typical salt-marsh 
vegetation, which is frequent on parts of the unreclaimed shores, to that of 
the “artificial marsh-meadow” of Warming ( 4 ), which affords excellent 
grazing material for cattle and horses and an abundant yield of coarse hay. 

Little Island is about three miles long by about one to one-and-a-half 
wide, and rises to some hundred feet towards the centre. The rock, which 
emerges in many places towards the south side, is a magnesian limestone. 
The whole is well planted with trees and the land is remarkably fertile. 

I. Chloride-content and Vegetation. 

A slight attempt has been made to correlate the percentage of chlorides, 
estimated as sodium chloride, with the type of vegetation. Sir E. J. Russell ( 2 ) 
cites experiments which show that a slight amount of chloride is in some 
cases beneficial, but “beyond a relatively low concentration limit further 
increases in amount of sodium chloride proved toxic.” Sodium does not 
appear to be essential even to salt-marsh plants, but A. C. Halket ( 1 ) found 
that Salicornia grew better in its presence. 

The method employed for chloride estimation is that given by H. J. Page 
( 3 ) of Rothamsted, where the extract from a known weight of soil is treated 
with a known volume of standard silver nitrate and the excess titrated with 
decinormal ammonium thiocyanate, using ferric sulphate as indicator. 
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The first sample of soil was taken outside the sea wall from a part of the 
beach flooded at high water; the remaining samples were taken inside the 
sea wall from parts of the reclaimed marsh at varying levels above the drainage 
water. 


Percentage 
of sodium 
chloride 

in soil Flora of ilegion Frequency 

7*36 Statice Limonium 'l 

Spergularia rubra I Abundant 

Festuca rubra J 

2*31 Triglochinmaritimum ) Very 

Juncus obtuaiflorus / abundant 

Agrostis alba Abundant 

Carex vulpina I 

Apium graveolens V Frequent 

Aster tripoliurn J 

2*09 Agrostis alba Very abundant 

Juncus glaucus \ Abundant 

Cirsium arvense j 

Trifolium rcpens 
Fotentilla anserina 
(krcx vulpina 
Fcstuca rubra 


I Frequent 


Percentage 
of sodium 
chloride 

in soil Flora of Region 

0*28 Ranunculus repens 

Leontodon hispidus 
Juncus communis 
J. obtusiflorus 
Holcus lanatus 


Frequency 

1 Very 
J abundant 
Abundant 

j- Frequent 


0-23 


Cynosurus cristatus 'j 

Agrostis alba I Occasional 

Lotus corniculatus j 
Alopecurus pratensis J 

Agrostis alba Very abundant 


Mentha arvensis 
Ranunculus repens 
Trifoliurn repcns 
(Hrsium arvense 
J^^estuca rubra 


I Frequent 
I Occasional 


II. Transttton Vegetation (Reclaimed). 

The reclaimed land marked A on the map (Fig. 1) contains a long drain 
from the higher reclaimed land ( 7 , and a somewhat large pool near its centre. 
This marsh is cut off from the sea by a long wall, banked up on the inner side 
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by dredgings from the river- channel, and it appears to be customary to run 
off the drainage-water once yearly. At high tide the greater part of this land, 
and also that marked B, is much below the level of the river outside. These 
two tracts which were originally one are now separated by an embanked 
road, and on the whole B is drier than A. 

The method employed for tabulating this vegetation was to take quadrats 
in typical patches at regular distances apart with the view of noting the 
influence of increasing dryness of the soil on the flora. 


Quadrats in A 

Wettest region. 

0/ 

/o 

O/ 

/o 

Quadrats in B 

40 

Triglochin maritimuin 

40 

Juncns glaucus 

40 

Juncns obtusiflorus 

20 

Potentilla anserina 

10 

Agrostis alba 

10 

Trifolium ropens 

5 

Car ex vvilpina 

10 

Lotus corniculatus 

n 

/ Apium graveolens 

5 

Holcus lanatus 

(Aster tripolium 

Drier region. 

5 

10 ^ 

Ranunculus repens 
Moss 

Trifolium pratense 
Epilobium palustre 

1 Arenaria uliginosa 
Geranium dissiHrtum 
ICarex vulpina 

05 

Agrostis alba 

IViglochin palustrc 

30 

Holcus lanatus 

15 

20 

Ranunculus repens 

15 

Potentilla anserina 

10 

Juncus glau(;us 

5 

P. erecta 

10 

10 

10 

10 

Agrostis alba 

Moss 

Juncus bufonius 
Prunella vulgaris 
(!arex axillaris 

Lotus corniculatus 
Potentilla tormentilla 
P. anserina 
,Rumex nemorosus 


Drier still. 


30 

Agrostis alba 

30 

Ranunculus repens 

15 

Trifolium repens 

20 

Agrostis alba 

15 

Juncus glaucus 

15 

Rumex munorosus 

15 

Cirsium arvense 

15 

Cirsium arvense 

10 

Carex axillaris 

5 

J uncus glaucus 

10 

Festuca rubra 

5 

Trifolium pratense 


(Ranunculus ropens 

5 

Holcus lanatus 

(Vicia scpium 

Driest region. 

5 

5 - 

Prunella vulgaris 
[' Rumex acetosa 

1 Plantago major 

1 Potentilla anserina 

1 Lotus corniculatus 

60 

Agrostis alba 

70 

Agrostis alba 

15 

Mentha arvimsis 

15 

Rubus fruticosus 

10 

Ranun(?ulus repens 

5 

Cirsium arvense 

10 

5 

Trifolium repens 
r Cirsium arvense 
(Festuca rubra 

10 * 

[' Urtica dioica 

Rumex sanguineus (?) 

' Ranunculus repens 

1 Geranium robertianum 
Prunella vulgaris 

1 Galium aparine 
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The greater variety in the flora of the drier land B over that of the wetter 
A is fairly well marked. 

The reclaimed lands joining the “island” to the mainland have, perhaps, 
a special interest, as some of them at any rate are in a more advanced state 
of reclamation than the foregoing. For purposes of comparison the approxi- 
mate composition of the vegetation on the high ground immediately facing 
the mainland is given. 


High grasaland opposite mainland 


Trifolium repons \ 

Holcus lanatus 

Dactylis glomerata Very abundant 

Alopecurus pratense 
Oynosurus cristatus j 

Cirsium arvcnso Abundant 


Plantago media ) 

Trifolium pratense j 

Campanula rotundifolia ) 
Hanunculus acris J 

Prunella vulgaris 'I 

Rumex nemorosus I 

Achillea millefolium j 

Centaur ea nigra j 


Frequent 

Occasional 


Rare 


Dry reclaimed marsh near mainland 
Agrostis alba 
Holcus lanatus 


Very abundant 


Trifolium repens ) 
Ranunculus repens J 
Plantago major ^ 
Rumex nemorosus | 
Ranunculus acris j 
Potentilla anserina j 
Juneus communis 
B(‘llis perennis 


Abundant 

Frequent 

Occasional 

Rani 


Wet reclaimed marsh near mainland 


Juncus communis 
Agrostis alba 
Potentilla anserina 
Holcus lanatus 
Ranunculus acris 
Lotus corniculatus 
Runuix nemorosus 
Trifolium repens 


V(‘ry abundant 
I Abundant 
Frequent 

I Occasional 


III. Transition Vegetation (Unreclaimed). 

The inlet marked D on the map displays a natural salt-marsh vegetation. 
A typical piece is represented by the following : 

20 % Statice Limoyiiimi 5 % Samolus Valerandi 

20 % Fesiuca rubra 5 % Suaeda mariiima 

10 % Salicornia herbacea 30 % Rocks 

10 % Aster Tripolium 

A line transect from the river (or sea) side of this to the beginning of 
cultivation yielded the following sequence of plants: 


SEA END 

Salicornia herbacea 
Spergularia sp. 
Statice limonium 
Suaeda maritima 
Salicornia herbacea 
Spergularia sp. 
Suaeda maritima 
Samolus valerandi 


Festuca rubra 
Statice limonium 
Samolus valerandi 
Armeria vulgaris 
Aster tripolium 
Plantago maritima 
Chenopodium rubrum 
Suaeda maritima 


Spergularia sp. 
Spergularia sp. 

Beta maritima 
Agropyrum caninum 
Beta maritima 
Sonchus arvensis 

BEGINNING OF 
CULTIVATION 
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What appears to the writer to be a particularly interesting comparison is 
afforded by the two following transects taken just outside and just inside the 
sea-wall of the marsh marked E on the map. 


Outside Sea Wall 

Inside Sea Wall 

Oecn Alga [Rhizoclonium?] 

Salicornia herbacea 

Salicornia herbac(?a 

Plantago maritirna 

Fostuca rubra 

Glyceria maritirna 

Samolus valerandi 

Samolus valerandi 

Aster tripoliiim 

Spergularia sp. 

Festuca rubra 

Glaux maritirna 

Salicornia herbacea 

Glaux maritirna 

Spergularia sp. 

Festuca rubra 

Staiice limonium 

Trifolium repens 

Festuca rubra- 

Carex vulpina 

Plantago maritirna 

Luzula campestris 

Suaeda maritirna 

Festuca rubra 

Statice limonium 

lh)tentilla anserina 

Festuca rubra 

Lotus corniculatus 

Chenopodium I’ubrum 

Centaurea nigra 

Aster tripolium 

Festuca rubra 

8tatice limonium 

Trifoliurn pra tense 

Festuca rubra 

Leontodon hispidus 

Beta maritirna 

Ranunculus acris 

Poa annua 

Juncus communis 

Poteidilla anserina 

Festuca rubra 

Matri(;aria inodora 

(^arex vulpina 

Hurnex nemorosus 

Beilis perennis 

Festuca rubra 

(vynosurus crista tus 

Plantago coronopus 

Holcus lanatus 
Ranunculus repens 
Cirsium arvense 
Spiranthes autumnalis 


As far as could be ascertained Tansley’s view (3, p. 68) appears to be borne 
out that there is no good evidence that salt marsh can develop by the mere 
accumulation of silt or humus, without human assistance, into a non-maritime 
vegetation.” 

In conclusion I wish to thank Mr E. Standish O’Grady, of Little Island, 
for his very kind permission to move freely about his property; Mr P. Tate, 
of the Botany Department, University College, Cork, for his very courteous 
help in the identifications of some grasses; Mr Michael Twohig for placing 
his topographical knowledge of the locality so freely at my disposal; and my 
son Andrew, without whose untiring help the work could not have been 
accomj)li8hed. I have received the kindest help from Prof. H. A. Cummins and 
Mr J. O. Jagoe, of the Botany Department, University College, Cork, in the re- 
identification, which was thought desirable, of a few of the species included in 
the lists. 
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NOTICES OF PUBLICATIONS 
OF GENERAL BEARING 


THE PLANT AS AN ECOLOGICAL INSTRUMENT. 

(1) Clements, F. E. and Weaver, J. E. ‘'Experimental Vegetation.” 
Carnegie Instit, Washington Puhl, 355, 1924. 

(2) Clements, F. E. and Goldsmith, G. W. “The Pliytometer Method in 
Ecology.” Ihid. 356, 1924. 

These two papers, from slightly different aspects, embody the results of an attempt to 
use plants, or plant communities, as tlu; best measures of rt;action to the habitat, in ecological 
studios. While the value of methods based on this ideal will be obvious, it is equally clear 
that considerable work is required before suitable methods arc evolved, and wc may hope 
that these are to be only the first of a series of j)aper8 dealing with this subject. In the 
first i)aper, the. subject of study is the North American grasslands, the object being to 
estimate the rt^lative importancjc of the various vegc^tation units and their inter-relationships. 
The methods employed are: (1) sowing seeds, (2) planting seeds or propagules, (3) planting 
seedlings, (4) transplanting adult plants of various ages, (5) transplanting small communities 
or portions of communities. ]n short, these methods aim at observing migration and the 
subsequent development of vegetation, but under controlled conditions. Ac(;essory to 
these basic metliods are the use or modification of the various factors which may play on 
the dev(4oping ydants or vegetation, particularly competition, de^struction by animals and 
the various physical factors. Along with these arc checks by instruments and phytometcu’s 
of the habitat factors. Various nKthods of altering the physical factors or reducing or 
modifying competition are emj)loyed, of which the simplest and most satisfactory prove to 
be: (1) sowing on the surface in the midst of natural vegetation; (2) sowing or planting 
in trenches, by which competition is prevented for a short time; (3) sowing or planting in 
denuded areas, which eliminates competition for a much longer period, but which makes 
the water relations less favouralde while improving the light relations; (4) transplanting 
adult plants, either into living cover or into denuded areas; (5) improving the conditions 
for germination and establishment, by watering, shading, draining or thinning. 

The material used included a great variety of grasses, '‘forbs” (herbs other than grasses), 
shrubs and trees. These were germinated or transplanted at four climatic stations, repre- 
senting typical conditions in (jach of the four main grassland communities between the 
Missouri River and the Rocky Mountains. A number of edaphic stations represented the 
various edaphic conditions at each of the climatic stations. It is impossible to summarise 
adequately the enormous amount of material provided by these experiments, but the 
results indicate quite clearly that germination and growth of practically all species are 
reduced as the climatic conditions become drier (i.e. going westwards in the prairie region). 
The authors therefore regard rainfall and holard as all important, the other factors in plant 
growth being secondary. On the other hand the luxuriant vegetation in low prairie — 
associated with more humid conditions — had a decided effect in reducing the establishment 
of introduced plants, largely through the reduction in liglit intensity with which the s(‘edlings 
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had to contend. The possibility of tree growth under natural conditions on stabilised grass- 
lands appears to be almost nil, since the seedlings are shaded out in the lowlands and 
destroyed by drought in the uplands. 

In the second paper, by Clements and Goldsmith, attention is directed more towards the 
examination of the effects of the various physical factors by means of phytometers^ that is, 
(cultures of similar plants of one species in the different habitats considered. The methods 
employed are described in detail, the plants used being chiefly sunflower and wheat, grown 
in containers which werti sealed to allow of measurements of water loss. The principal 
comparison made is that between the growth of the phytometer plants at three stations 
near Pike’s Peak, Coloriulo, designated plains^ montane and sub-alpine stations, the natural 
vegetation of the throe main stations b(ang mixed prairie, mixed coniferous forest, and 
spruce forest respectively. The transpiration per square decimetre of leaf area was highest 
on the plains and lowest at the sub-alpine station, but the montane station was generally 
the most favourable for leaf area and stem diameter. Stern length of sunflowers, however, 
was greatest on the plains. Similarly, there is much variation in the weight of plant pro- 
duced. Generally, however, sunflowers and beans made best growth on the plains, while 
wheat and oats did best at the montane station. The water requirement, namely, the 
amount of water used in the production of 1 gm. of dry material, as deflned by Briggs and 
Shantz, normally decreases with the increase in the altitude at which the plants are grown. 
A further comparison between the dry warm (xerocUne) side of a canyon, and its cool moist 
side (mesocMne), showed that the former, in its effect on sunflower growth, resembled the 
plains region — ^while the mesoclino presemted typical montane conditions. These results 
m.ake it clear why the south slope is covered with scrub and grassland dominants of the 
plains while the north slope is dominated by characteristic montane forest. 

Some interesting general conclusions are worthy of notice. Transpiration does not appear 
to vaiy consistently with any singk? instrumental record. No better correlation exists between 
transpiration and evaporation from a white cylindrical atmometer cup than between 
transpiration and average temperature. This is to be expc^cted when the composite nature 
of the factors affecting water loss from a plant is considered, and it is a conclusion which 
seems to justify the statement that when phytometers are used they are, or may be, a 
sufficient measure of the factor-complex and render recording instruments unnecessary 
except in the most elaborate installations. This would seem to be particularly true when 
the water relations of plants are under consideration — and phytometers such as those 
employed by Clements and Goldsmith are clearly much more adequate than the rather 
unsatisfactory atmometers at present in use. The experience of the reviewer suggests that 
an additional measurement might profitably be made when the phytometcr plants have 
grown for a whole season and their water relations are being estimated. This measurement 
is the water content of the plant, pc^rhaps most readily expressed by dividing th(i fresh 
weight by the dry weight. A brief reference is made in the text to one case in which this 
ratio varied but the data are not given in the tables. 

One fact emerges very clearly from a study of the data — that growth, as measured by 
increased dry weight, usually shows very little relation to the water loss or water require- 
ment. The authors show that sunflowers and beans normally grow best at the plains station, 
while wheat and oats are most successful at their montane station, and they suggest that 
the former plants have a higher temperature optimum. An analysis of this temperature 
effect would have proved of great interest, for on the pix'sent evidence it seems to be of 
far greater importance than transpiration alone — which varied in the same way at the 
difl'erent stations whatever the species of plant used. The apparent lack of connection 
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between transpiration and growth in these observations certainly demonstrates the need 
for standardised plants for phytometer work. A complete study of a suitable standard 
species grown under a wide range of environmental conditions is required before the phyto- 
meter can rank as an instrument of precision. The value of the method as an aid to the 
study of vegetation is, however, amply demonstrated by the papers under consideration. 

W. H. PEARSALL. 


SAP DENSITY AND WATER SUPPLY. 

Korstian, C. F. ‘‘Density of Cell Sap in relation to Environmental Conditions 
in the Wasatch Mountains, Utah.” Journ. Agric. Res, 28 , pp. 845-907. 
1924. 


This is an investigation und(a‘taken with the object of gaining further insight into the 
rtjlations of plants to the conditions of the cnviroiiTnent, especially in regard to forestry and 
forest regeneration. In this problem the water relations take a very prominent place, and 
an investigation of the osmotic forces of the cell sap was considered as affording useful 
information. The work was carried on in the Wasatch Mountains in Utah, and the area 
(jovered extends from Sage Brush on th<^ one hand, to the montane tree limit on the other, 
at altitudes varying from 500() to 11,500 fec^t, and covering a great variety of physiographic 
features. The material tested was collected in s(*aled tubes and the sap extracted by the 
freezing method. A special convex cu}) and concave presser were used. Care was taken to 
avoid water loss after collection. Data are giv(Ui of the environmental conditions of the 
chief habitats studied, especial attention being paid to temperature, soil moisture, and 
evaporation. 

A considerable number of plants were investigated; in most cases samples of each 
specitis being collected from more than one locality. The table of the results of determina- 
tions of the osmotic power of the cell sap oc<;upies 23 pages. In tlu^ discussion of the results 
emphasis is laid on the correlation between sap density and water supply. The density is 
lower in the roots where these have been tested. Th(*. value obtained for any plant is not a 
constant/. There is a daily fluctuation, a rise in the forenoon and a fall towards evening. 
Sun plants gave high(*r values than those in shade. A close relation seems to exist bc'tween 
photosynthesis and sap density. Large plants, trees, etc., always gave higher values than 
herbaceous species. In a tree therti is an apparent osmotic gradient, the lower leaves having 
lower values than thost; higher up. 

A seasonal fluctuation of density wim also demonstrated. Young k'aves have a uniformly 
lower value than old ones. Otherwise th(^ seasonal variation follows the habitat conditions : 
the maximum density occurs in the dry part of the summer. In winter a variable state of 
things was found. Conifers had low values while evergreen shrubs had high ones. This 
difference is apparently directly correlated with the nature of tin? food reserves; in conifers 
in winter fat-s and oils appear in quantity in the leaves, while in evergreens starch was 
converted to sugar. 

Individual species showed great variation in value according to the habitat. Average 
results of all the plants tested in each habitat gave results which accord very closely with 
the degree of xerophily of the habitat. Averages of the plants from successional stages 
showed a progressive decrease in density as the succession advances. The density showed 
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some relation to structural features; those plants with structural features tending to a 
reduction of transpiration, or with water-storage tissue, had uniformly low figures. The 
parasites studied had higher values than their host plants. 

Capacity to resist injury from drought, frost or other factors bore a close relation to the 
osmotic power of the cell sap. The higher the value the hardier was the plant. 

R. S. A. 


MEASUREMENT OF WATER LOSS. 

Weaver, J. E. and Crist, J. W. “Direct Measurement of Water Loss from 
Vegetation without disturbing the Normal Structure of the Soil.” 
Ecology, 5 , 2, pp. 153-170. 1924. PI. III. 

The objection to the ordinai’y method of determining water loss is that the plant is 
growing in a disturbed soil that is very different from that of the field. Further, unless any 
large containers are used the root systems are seriously cramped. A method has been 
devised for measuring the water loss without disturbing the soil. Metal cylinders of one 
square foot cross sectional areas arc used to cut out an area of vegetation and then iron 
cylindcr-8 of three foot lomgth are forced tightly over the column of soil. Tliis is then excavated, 
the lower end sealed up, and the whole sunk in a suitable trt'iich. The containers are weighed 
before being put in the trench and at the end of the experiment. In this way samples of 
undisturbed natural vegetation or of crops can be studied. 

Experiments won^ carried out with these methods on the short grass plains, on mixed 
prairie, and on prairie vegetation. During the experiments the containers with their 
columns of soil were protected from rainfall. Water was added carefully and slowly so as to 
give an even distribution through the soil. Direct loss of water from the soil and from soil 
covered by dead plants was determined. Crop plants were found to give off more water 
than the native vegetation. The iattc^r gave off sufficient in the period of the experiment to 
furnish the mean precipitation. The advantages of the method for the study of the problems 
of the relations of the plant to soil and soil moisture are very great as these can be tackled 
with natural conditions for the absorbing organs. 

R. S. A. 


ANIMAL ECOLOGY. 

Alkins, W. E. ‘‘The distribution of Pisidia in the Oakamoor district of the 
Chiirnet Valley.” Trans. North Staffs. Field Club, 1924-25. 

With the help of A. W. Stilfox the author has made a detailed study of the ecological 
relations of the eight species of these small bivalve mollusca which occur in a restricted area 
in North Staffordshire. The habitats include parts of a disused canal, streams, ditches, 
ponds and a marsh, and the transition is traced from the river-canal association of P. sub- 
irnnmium, miidum, hmsloivanum, and milmm to the ditch-marsh society of P. casertanum 
and permnatmn . 


A. E. B. 



NOTICES OF PUBLICATIONS 
ON BRITISH VEGETATION 

A BRITISH WOODLAND NEAR LONDON. 

Marriott, St John. British Woodlands as illustrated hy Lessness Abbey 
Woods. London: Routledge and Woolwich Pioneer Press, 1925. Pp. 
xviii ~|- 72, with photographic plates of scenery and a sketch map. 

This is a very interesting and praiseworthy little booklet, inspired by the “Regional 
Survey ” movement through the agency largely of Mr C. H. Orinling, and promoted by 
various local scientilic societies. There is a historical, topographical and geological intro- 
duction by Mr Grinling, and the body of the work consists of Part I, including a vegetational 
survey (illustrated by the sketch map), a complete list of plants comprising all the ter- 
restrial groups of the plant kingdom, and Part 11, including lists of mammals, birds, reptiles, 
amphibia, lishes, galls, lepidoptcra, molluscs and fossils. 

Mr Marriott is a keen field naturalist and he has invoked the aid of many special- 
ists, so that the determinations of species may be taken as really trustworthy. His 
vegetation survey (illustrated by charts of spe(;ial localities) brings out very clearly the 
effect of the various soils on the flora and vegetation. To the ordinary seasonal “aspects” 
of vegetation, Mr Marriott happily adds a “hiemal” aspect. The wood is evidently semi- 
natural, though tlu^re has been a fair amount of planting and some other disturbances of 
the natural relationships of the vegetation. 

It is much to be desired that other local societies should follow this excellent example, 
especially where areas of natural and seminatural veg(5tation still t‘xist in the neighbourhood 
of large towns and cities, before it is too late. Such a(;counts provide indispensable data 
for th(^ student of vegetation and of ecology and natural history in general, as w('ll as 
stimulating local pride in natural areas of country near great centres of population, areas 
which are not yet spoiled or destroyed and which in some cases may still be saved. 

A. G. T. 


A SCOTTISH AREA. 

Patton, Donald. The V egetation of the Tinto Hills.” Ann. of the Andersonian 
Naturalists Society, 4 , 2. Glasgow, 1925. Pp. 30-51. 

The Tinto Hills in Upper Clydesdale, Lanarkshire, belong to the Southern Uplands of 
Scotland. Tinto itself reaches a height of 2335 feet, the other summits ranging from 1472 
to 1925 feet. The annual rainfall exceeds 45 inches in plact's, and mist is very prevalent. 
The mean January temperature is about 35° F. ; July, 57° F. The whole region, including 
the summits, was glaciated and there is a thick layer of Boulder Clay round the bases of the 
hills. The Clyde has cut this away and formed a rich alluvial tract. The hills themselves 
are felsite. 

The author divides the region into a lowland division, including (1) Aquatic, (2) Gravel, 
(3) Alluvium, (4) Boulder Clay, and a hill division, including CaUuna-Pteridiuni, CaU 
hma-Erica cmerea, and (hUiina-Vaccinium zones. The lowland zone has been much 
altered by farming. The Boulder Clay has been extensively limed, and there are many 
introduced plants. The heavier clay at higher altitudes has also been limed and bears good 
pasture of native grasses and sedges. The whole of the hill division may be regarded as a 
Calluna heath, this species extending to the summits, though much less abundant than at 
lower levels. In the Calluna- Vaccinimn zone V. myrtillus gives place upwards to V. vitis 
idaea, and there is an abundance of lichens and mosses. 

The paper concludes with a tabular list of the flora arranged under the zones given, to 
which is added some account of “Railway vegetation.” 


A. G. T. 
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FINNISH FORESTS. 

(1) Cajander, A. K. “Ueber Waldtypen.” 1909. Actaforestaliafennica,!. 

(2) Cajander, A. K. ‘'{a) tJber die Verteilimg des fruchtbaren Bodens im 
Finnland und iiber den Einfluss dieser Verteilung auf die wirtschaftlichen 
Verlialtnisse im Lande. (b) Was wird mit den Waldtypen bezweckt?” 
1923. Ibid, 25. 

(3) Cajander, A. K. and Ilvessalo, Y. “Ueber Waldtypen II.” 1921. Ibid. 

20 . 

(4) Ilvessalo, Y. “ Vegetationsstatistische Untersuclnmgen iiber die Wald- 
typen.” 1922. Ibid, 20. 

(5) Ilvessalo, Y. “Ein Beitrag zur Frage der Korrelation zwischen den 
Eigenscliaften des Bodens and dem Zuwaclis des Waldbestandes.” 
1923. Ibid. 25. 

(6) Ilvessalo, Y. ‘‘The Forests of Finland.” 1924. Communicationes ex 
Instil. Quaest. Forest. Finland. Editae 9. 

The results of the Finnish Forest Survey appear to have rtuichod a stage at which a 
general outline of Finnish woodland ecology can be obtained. The survey deals with the 
results of estimations of the forest vegetation, tree production and soil character, along 
thirty*nine survey lines, twenty-six kilometres apart and running south-west to north-east 
over the whole of Finland. On the data obtained from these survey lines, a very complete 
description of the forest resources of the country is possible. The degree to which the country 
is still covered by its native vegetation may be gauged from the fact that 73 per cent, of 
the area is still forest, and about 15 per cent, is waste land, chiefly Sphagnum bog (7 per 
cent.) and “pine swamp” (4 per c(mt.). The composition of the forest naturally varies 
very considerably with the variations in soil and (dimatc. Pin(> (55) and spruce (25) dominate 
80 per cent, of the forest land, the remainder being chiefly birch forest (17 per cent.), 
although alder and aspen may also be dominant in the south. Birch is more prevalent in 
the north owing to its ability to grow in the barren fjeld rt^gions. 

The distribution of the trees is otherwise largely determined by the nature of the soil, 
and a number of ground flora types are recognised, each of which usually occurs on a 
characteristic type of soil. Excluding local modifications, the (diiei forest types are: 

1. Sanicida type (ST). With numerous herbaceous species like Paris quadrifolia. Milium 
effumim and Majanthemum hifolium. Occurs on calcareous soils in the south-west. 

2. Oxalis-Majanlhemum type (OMaT). Smaller thin-leaved species more abundant. On 
fertile soils in the south. 

3. Fern type (FT). In valleys on soils like 2. 

4. Oxalis-M yrtillus type (OMT). On clayey or damp soils. 

5. Myrtillus type (MT). With an almost continuous covering of mosses, chiefly Hylo- 
comium spp. Found on only moderately fertile soils of morainic origin. 

6. Vaccinium type (VT). V. vitis-idaea and Hypnum parielinum most abundant. Very 
widespread on morainic matter. 

7. Empelrum' Myrtillus type (EMT). Common in the north. 
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8. Calluna type (CT). On the drier and coarser morainic soils. 

9. Gladina type (CIT). Dry sandy soils in the north. 

While there is no hard and fast relation between these types and the tree dominants, 
nevertheless pine is the normal dominant along with the heathy types of ground flora 6- 8. 
Spruce is the typical dominant when the forest type is 4 or 6, although pine covers con- 
siderable areas, about one quarter, of these soils also. The soils occupied by forest types 
1-3 are covered by the small areas of deciduous forest, and in those pine is normally absent. 
Much of the deciduous forest seems, however, to be of secondary origin. Forest destroyed 
by Are and deserted clearings are normally colonised by birch, aspen or Alnus inmma. 
Alder woods are almost restricted to the damper lands which have been burned over for 
agricultural purposes. 

The Vaccinium type, with pine dominant and spruce frequent, is probably the most 
widely spread type of forest, although the Myrtillus type is more important from the 
point of view of timber 3neld, as it is nearly as widespread and is much more productive. 
The relative areas, timber yields and soil types are most conveniently summarised in the 
following table, amplified from Cajander (2). The figures for lime and total nitrogen are 
relative, the detailed figures being given by Ilvessalo (4), who shows that the lime and total 
nitrogen — of the various soil factors — possess the highest degree of correlation with the 
timber production. 
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The correlation between the lime content of the soil, the timb('r yield and the relative 
number of flowering plants as revealed in this summary is very striking, and it suggests a 
high degree of dependence of the plant covering upon the lime contc‘nt of the soil. 

W. H. P. 


CORAL REEFS OF CUBA. 

Uphof, J. C. Th. “ The Plant Formations on the Coral Reefs along the Northern 
Coast of Cuba.” Amer. Joiirn. Bot. 11, pp. 409-410, 1924. 

The reefs form masses of stone near the shore or at some distance out. In height they 
vary from 30 metres down to about 2 metres or less above the sea. P'rom sea-level to a 
height of 3-5 metres constant washing by sea water occurs. The plants are not only halo- 
phytic but able to endure a very calcareous substratum. The Algal flora is briefly mentioned, 
but this has not been fully worked out. Of low plants, those that grow nearest the sea water 
are typical halophytes with more or less succulent leaves or stems, Sesumum microphyllum^ 
Phylloxent^, and Salicornia, with Distichlis spicata. Other species predominate on higher 
reefs, e.g. Conomrpm erecM, which is very stunted near the shore, but almost a tree when 
protected. At a distance of 20-30 metres, where sand has collected on the reef, a much more 
luxuriant and varied vegetation occurs, consisting of plants without marked halophytic 
features. 


Joum. of Ecology XIV 


R. S. A. 

23 
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VEGETATION OF THE ARID PORTIONS OP NORTH AMERICA. 

Shantz, H. L. and Piemeisel, R. L. “Indicator Significance of the Natural 
Vegetation of the South-Western Desert Region.” Journ. Agric. Res. 
28 , p. 721, 1924. 

The region considered is in southern California and Arizona with part of Nevada and 
Utah. The whole area is arid, having a rainfall of from 2-7 inches in the valleys, though 
rising to 15 inches on the upper lands. Two areas considered in some detail, one in 
California, the other in Arizona, and the plant communities correlated with the physical 
factors. Then the communities are considered in their wider aspect and the general range 
of factors controlling each is given. The chief communities are: 

1. Ymca and Cactus Association, which occurs on hill slopes. This is replaced by Giant 
Cactus and Paloverde {Cercidmm torreyanum) in Arizona. 

2. Creosote Bush {CovilLea glutmosa) Association, which is the most widespread. This 
occurs on light soils of about 4 ft. depth, which are permeable and well drained and which 
become very dry in summer. The soil is not saline. 

3. Desert Sage (A triplex polycarpa) Association. This occurs at lower levels with higher 
temperature. The soil is finer and has a greater moisture-holding capacity than that of the 
creosote bush association. The soil is generally liable to floods in winter, but is very dry in 
summer. The availabl(‘ water is less than in the former association; the salt content is 
higher but small. 

4. Mesquite {Prosopis glandulosa) Thicket. This occupies the bottoms of valleys. The 
soil is like that of the desert sage association but has a higher water table so that available 
water is always present in the first 4 ft. of soil. Salinity is higher. 

5. Narrow-leaf Saltbush {Atriplex linearis) Association. This occupies low flat depres- 
sions with a heavy compact soil which becomes very dry in summer. The salt content is 
higher, especially in the deep(*r layers. This community indicates a much shallower soil than 
desert sago. 

6. Salt Grass {THslichlis spicaia) Association. This is of limited extent. It occurs in 
very saline soil with a high water table. 

7. Washington Palms {Washingionia Jilifera) occur as scattered groups or communities 
round springs or strf^ams. 

8. Pickk^wciod {All enrol fia occidentalis) Association occurs at the bottoms of valleys 
where an excess of salt is present in the surface layers of soil. 

0. Mf'squito {Prosopis glandulosa) and Chamiso {Atriplex canescens) is an association 
characteristic of sandhills. 

10. Arrow weed {Pluchia sericea) and Saltbush (Atriplex leMiformis) Association is a 
community of local occurrence. It is present in soil like that of the pickleweed association, 
but with a coarse subsoil and a lower salt content below the surface. 

11. Soepweed {Dondia spp.) Association occurs in level valley bottom with a high water 
table and a high salt content. 

12. Bare flats occur scattered through the lower parts of the valley. The soil is heavy 
and the water stands on the surface after rains, but in dry weather cracks freely. The salt 
content is vcTy high. These flats are either devoid of plants or have a very scattered vegeta- 
tion in the most favourable places near the edges. 

Each of these associations is described, the botanical features given, and a full statement 
of the chief physical factors. The description of the communitie>s is followed by a discussion 
of the relations to climatic factors and especially to rainfall and temperature. A correlation 
is also made between the natural vegetation and the character and productiveness of the 
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land. In this connection it is pointed out that the various associations have a wide range of 
conditions, so that it is necessary to know more than the vegetation type bt^fore any 
int(^^p^etation of the potentialities of the soil can be made. Some debiils of the association 
must be given; in fact if a primary ecological survey is made, a fairly accurate measure of 
land values is reached. 

Throughout the paper there are full tables of soil analyses, water contents and physical 
and climatic factors. The paper is illustrated by ten plates, each containing two photo- 
graphs of high quality. 

R. S. A. 

Aldous, A. E. and Shantz, H. L. “Types of Vegetation in the Semiarid 
Portion of the United States, and their Economic Significance.” Journ, 
Agric. Ren. 28, pp. 99-128, 1924. 

The principal veg(‘tation types occurring west of the hundredth meridian are enumerated, 
and their distribution and conditions briefly indicatt*d Notes are also given of the possi- 
bilities for crop production, thither of grain or forage plants, and for grazing. Altogether 102 
vegetation types are enumerated. These types are. then grouped according to their possi- 
bilities for dry farming, for grain production, and for forage j)lants. A tabular key of the 
carrying (capacity for stock is givc^n; anti the geographitjal distribution according to regions 
which (;()ver practically the whole range. There are ,‘12 j>hotographs on 10 plates in illustra- 
tion. The paper, though iiKa’cly aji outline scheme, is valual)le in showing the uses t)f ecology 
for practical purpost^s and suggests lines that might wt'll bt? adopted in other countries, 
wluTc tht; agric ultuial community is advancing to untouched rtgions. A preliminary 
ecological survey and land classification of this kind would certainly result in fewer failures 
and ultimately in much greater economy of production. 

R. 8. A. 

VEGETATION OF ARID AUSTRALIA. 

(1) Osborn, T. G. B. and Wood, J, G. “On the Zonation of the Vegetation 
in the Port Wakefield District, with special Reference to the Salinity of 
the Soil.” Trans. Roy. Soc. South Aust. 47, 244, 1923. 

(2) Osborn, T. G. B. and Wood, J. G. “On some Halophytic and Non- 
halophytic Communities in Arid South Australia.” Ibid. 388, 1923. 

(3) Wood, J. G. “On Transpiration in the Field of some Plants from the 
Arid Portions of South Australia, with Notes on their Physiological 
Anatomy.” Ibid. 259, 1923. 

These three papers form part of what promises to be a detailed investigation of the 
vegetation of the arid portions of South Australia. A very large proportion of this region 
is o(icupied by an open community of small shrubby plants belonging to the family Cheno- 
podiaceae. There ai'e many sjx^cies of A triplex (Saltbush) and Kochia (Bluebush)^. These 
communities, though of such wide extent, have either been neglected by plant geographers 
or treated as communities of Halophytes. This view is based on the systematic position 
of the plants, the Chenopodiaccac containing a large number of halophytes, and on the 
low lying nature of the country they inhabit and the fact that in most cases the bottom 
water is decidedly salt. The present papers mark the commencement of a detailed study of 
these communities. 

1. In the first a study is made of the zonation of communities passing from those under 
the influence of sea water at the coast up to Saltbush communities further inland. Ex- 
cluding the Mangroves, which are treated as belonging to a separate formation, a view 
that need not be considered at the moment, four communities are recognised and briefly 

^ “Saltbush” is a general name applied to various low shrubby species of Atriplex, Rhagodia 
and Kochia, “Bluebush” to white tomentose species of Kochia, o.g. K. .sedi folia. 
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described. The characteristic plants of these are Arthrocnemum arhuscuUiy A. halocnemoides, 
Atriplex paludaaum and A. siipitatum. These communities show a decreasing water content 
of the soil and a decreasing salt content, both of total salts and of sodium chloride. The 
figures of the saltbush communities are so small for salts, 0'3-2*8 per cent., that they cannot 
be regarded as truly halophytic. 

2. This paper deals with some of the communities of these Chenopodiaceous plants in 
the inland portions; communities of Saltbush {Atriplex vesicariuin)^ Mallee {Eucalyptus 
oleosa) with Saltbush, Kochia planifolia and Bluebush, Kochia sedifolia, are described and 
analyses of the soils of each given. The soils are all exceedingly dry, 2-8 per cent., with a 
low salt content, 0*1 to 0*18 per cent, total salts of which 0*3 to 0*6 per cent, is NaCl. The 
reaction is slightly on the alkaline side of neutral (pH 7*4 to 7*7). By contrast with these, 
communities in two salt lakes are described; the first is a gypsum lake where Arthrocnemum 
hatocnemoides var. pergranulatuni is the chief plant. The soil here has 4*97 per cent, of soluble 
salts of which 0-68 per cent, is NaCl. The reaction is more alkaline, pH 8*2. This community 
gradually merges into the saltbush and intermediate soil conditions are found. In another 
lake where the soil contained 6-6 per cent, of soluble salts with 3-52 of NaCl, Pachycornia 
tenuis formed a pure community. These last two, which are decidedly halophytic, are 
sharply marked off from the others both in habitat and soil and also in general facies. The 
shrubby species of Atriplex and Kochia are considered as forming the typical flora of arid 
regions in South Australia and are compared to the Karroo flora of South Africa. 

3. This paper deals with the physiological anatomy of some of the plants in those 

communities and also with the transpiration under field conditions. Transpiration was 
measured by means of burette potometers according to Lloyd’s method. Of the plants 
examined, three types of transpiration curve are noted: (a) Casuarina lepidophloia^ which 
has a relatively high rate and a cmwe which follows closely that of evaporation, (b) Geijera 
parviflora and Pholidia scoparia, which have a low transpiration l ate. While the maxima 
correspond to the maxima for evaporation there is not close agreement for minor fluctu- 
ations. (c) The third group contains the shrubby Chenopodiacoae Kochia sedifolia, Atriplex 
vesicarium and Rhagodia gaudichaudiana. The transpiratioji curves in these are all very 
similar. The rate is practically constant at a low figure during the day with a fall at night 
which takes place later with Kochia than the others. These Chenopodiaceous plants have a 
dense covering of hairs, vesicular in Atrijdex and Rhogodia; Kochia has a thick felt of hairs 
which probably functions for water absorption. R. S. A. 

Woody G. “The Relations between Distribution, Structure and Tran- 
spiration of Arid South Australian Plants.” Trans. Roy. Soc. South 
Australia, 48, pp. 226-235, 1924. 

This paper is a continuation of the author’s work on the water relations of plants in 
South Australia. The present account deals with experiments carried out on the central 
plain of Australia at Curnamona, which is some miles south of Lake Frome. The rainfall 
here is about seven inches, but very uncertain. Six species are studied, three being plants 
which are “character” species of the plains, two are plants from watercourses and the last is 
a parasite {Loranthus guandang). An account is given of the anatomy of the leaves. These 
plants show very different transpiration rates; the plains species have a much lower rate, 
especially so in the case of the Saltbush, Kochia planifolia, which gives an almost flat curve 
for a 24- hour period. Kochia is here the most prominent plant and appears the best suited 
to the conditions. In addition to its other features the leaves have a thick covering of 
hairs. The stream bed plants show a higher rate, one, a shrubby Acacia {A, victoriae)^ only 
slightly so, but the other, Senecio magnificus, a herbaceous plant, shows a very uneconomical 
usage of water. Especially interesting is the parasite Loranthus, which has a much more 
rapid transpiration rate than its host plant. R. S. A. 
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NEW SOUTH WALES. 

Brough, ?•, McLuckie, J. and Petrie, A. H, K. ‘'An Ecological Study of 
the Flora of Mount Wilson. Part I. The Vegetation of the Basalt.” 
Proc. Linn, Soc, of New South Wales, 49 , pp. 475-498, with Plates LVII- 
LX and 5 figures in the text. 1924. 

With a view to stimulating ecological work in Australia, the Sydney University Botanical 
Society in 1923 initiated a study of the vegetation of Mount Wilson. The present paper, 
which embodies some of the results obtained, is largely of the nature of primary survey, 
which has been carried out for the purpose of studying the relatioji ships and distribution 
of the various plant communities, and also to lay a foundation for future intensive studies. 

After a brief notice on the general features of the Australian flora the authors proceed 
to discuss the origin of the flora of New South Wales and in particular of Mount Wilson. 
It is composed chiefly of throe elements, an endemic flora consisting largely of Eucalyptus 
forests and occupying the greater part of the state; a Malayan flora finding its chief ex- 
pression in Rain Forest; an Antarctic flora which occurs as scattered individuals in certain 
regions. A study of the fossil evidence tends to sliow that the Malayan flora emanated 
from the north in the early Tertiary and spread through the greater part of the continent, 
later being invaded by the endemic flora which originated elsewhere oii the continent. 
Subsequent changes in the physiography of the country resulted in the Malayan flora 
receding to sheltered habitats controlled by markedly favourable cdaphic factors, whilst 
the endemic flora became adapted to a xerophytic habitat. On Mount Wilson, which is 
one of a series of residual Tertiary basalt outflows and consists of a sandstone ridge with 
frequent caps of igneous rock, the Malayan flora occupies the sheltered slopes of the basalt 
caps and the sandstone gullies, the endemic flora being found on the sandstone plateau. 
The present paper deals with the vegetation occupying the basalt caps. 

Four chief types of vegetation are distinguished: the Oeraiopetalum-DorypJiora Forest; 
the Eucalyptus- Doryphora Forest; the Eucalyptus- Alsophila Forest; the Eucalyptus- Pteri- 
(limn Forest. These four, however, are actually variations of two main groups, the Em 
calyptus Forest on the sandstone and the Ceratopetalum-Doryphora Forest on the basalt. 

Each of these four types, or “associations” as they arc termed, is then discussed in 
detail. Their habitat, and structure and physiognomy are described and their fioristic com- 
position enumerated under their respective strata. In the Ceratopetalum-Doryphora associ- 
ation an interesting note is recorded on Quintinia siebtri. Young plants of this epiphyte 
become established among the leaf bases and tangled adventitious roots on the trunks of 
tree-ferns. Subsequently the roots of the Quintinia reach the ground where they become 
established. This is the only case of hemi-opiphytism encountered in the Rain-Forests at 
Mount Wilson. 

The discussion of the effect of tire on the different t3q)es of forest provides some interesting 
information. Round every junction of these types the vegetation bears “all the indications 
of having been recently burnt. The fire has crept up to the edge of the basalt, has in places 
passed tluough the Eucalyptus- Alsophila association, but has never transgressed the humid 
Rain-Forest.” The bush fire is stated seldom to destroy the climax associations, but pro- 
found alterations usually occur in the lower layers, often resulting in a pure community of 
Pteridium aquilinum. 

Interesting methods of showing the distribution are employed in the text-figures. In 
the exampleB of chart and belt transects the idea is to convey a “bird’s-eye view’* impres- 
sion. The various components of the vegetation are indicated by symbols but the canopy 
of the lai^er components is also outlined, the lower layers showing through or displaying 
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graphically their denser grouping whore not overshadowed by a canopy. In the diagram 
the approximate ranges and fretiuency of the basalt flora are depicted in rectangular form, 
the various types of vegetation being set out along a base line. The range of the dominant 
through the various types is indicated by a band which is broadest when the dominant 
occurs most frequently and tapers away in each direction as the dominant loses its position. 

T. F. C. 

Petrie» A. H. K. “An Ecological Study of the Flora of Mount Wilson. 
Part II. The Eucalyptus Forests.” Proc, Linn. Soc. of New South Wales, 
50 , pp. 145-166, Plates XX-XXII, and four figures in the text. 1925. 

This second part contains an account of some of the salient features of the Eucalyptus 
forests which constitute the vegetation of the sandstone plateau, and supplements the 
obstTvations recorded in Part I on the Eumlypius communities of the basalt. The main 
communities in the area under observation are outlined, observations on their distribution 
and inter-relationships are recorded and some of the more important problems indicated 
concerning their adaptations, development and other studies awaiting investigation. 

In discussing the general physiognomy of the Eucalyptus forest it is pointed out that 
in most cases the association dominants ore species of Eucalyptus of which there; are some 
three hundred species in Australia. Desjute; this the; physie)gne)my is characteristically 
uniform as the spe;cies of Eucalyptus all present a xcrophytic appearance; anel possess the 
same growth form. The open nature of their foliage anel the comparative isolation of the 
tree« I^rmits a considerable development of the lower layers of the; associations. 

An interesting comparison is drawn between the Eucalyptus forest and the Rain fore;st 
previously de‘scribe;d; the former is typically xerophilous; the; latter, composed of luxuriant 
vegetation, is typically mesophilous. The interdependence characteristic of the Rain forest 
is distinctly lacking in the Eucalyptus forest, where epiphytes are scarce and ombrophytes 
absent. The Rain fore;st at Mount Wilson, on account of the severity of the climate, is, com- 
paratively, of a poor floristic composition. 

It is interesting to find that for the classification of the communiti(;s the author has 
adopteil Clements’ system with Tansley’s conception of climax communities, though it is 
natural that there are instances where he finds it necessary to consider modifications to suit 
local requirements. For instance, ho states that the structure of the Eucalyptus fortnst is 
likely to be responsible for many problems connected with the definition of status. It is no 
uncommon occurrence for one society of shrubs to occur in two different associations, and 
the typical substratum of a Eucalyptus association may occur where the develoi)rnent of 
trees is inhibited. The result of this is that the shrub-community chang(;s from the rank of 
a stratum society to that of a definite association. 

Two associations, whose dominants always occur in consociations, are distinguished as 
making up the forest under discussion, together with the Euailyptus-Doryphora ecotone. 
Their distribution, structure, physiognomy and stratum societies are de8crib(;d. In the 
comments on the relation of forest fires to these communities it is pointed out that the 
essential oils of an inflammable nature contained in the leaves do not of themselves make 
burning possible as the fires travel mainly through the substratum where the percentage of 
oil-containing types is not high. It is rather the low moisture-content of the leaves that 
favours the fires. 

An interesting discussion is also given on the relation of the dehiscence of fruits to the 
periodic fires and the effect on the population in the early stages of the resulting subseros. 

The latter part of the paper discusses in detail the shrub (stratum) societies of an exjesed 
westerly headland and of the Junction Flora. 

The system on which the author is working, as well as the scheme of work determined, 
is of much iiitorest. It should prove of assistance in indicating to workers on similar problems 
extending over large areas the means of approach and the development of the first general 
stages in studies of vegetation. 


T. F. a 
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CYPEBUS BOTUNDUS L. IN INDIA. 

Banade, S. B. and Burns, W. “The Eradication of Cyperus rotundus L. (a 
study in pure and applied botany).” Memoirs of the Department of Agri- 
culture in India. Botanical Series, 13 , 93 pp. and 8 plates. 

The memoir contains a full description of this troublesome weed and of several series of 
oxpc^rimonts conducted with a view to establishing some standard method for its eradication. 
The plant has several interesting features. Its rate of seed production is fairly high but 
germination is erratic. It survives chiefly by the production of underground tuber-forming 
rhizomes, some of which are positively geo tropic and may reach a depth of 2*5 feet. 

Extensive experiments were undertaken to determine the viability of the tubers under 
varying external conditions. The authors consider that the features in the life cycle which 
lend themselves to attack are the inability of the plant to flourish in a close community, 
e.g. in a thick growth of 8auu hemp, and the fact that the tubers usually fail to survive 
after a fortnight at 40“ 0. — the temperature of th(' upptT soil during the hot season. 

The description of the work is very full and the (experimental data are given in great — 
perhaps too great— "detail. The outlook of the writers on the plant’s life is extremely 
anthropomorphic, thus a deep-seat(ul tuber is dt'seribed as “concentrating all its powers in 
making one supreme attempt to get to th(5 surfac(> and not wasting material on s(‘veral 
ascending organs.” 

Economically the work achieves its object, scientifically it opens up a host of semi- 
physiological problems which bid fair to b(^ of great inttaest/ — c\g. the reaction of the 
external conditions on the plant’s physiological processes, causing some rhizomes to be 
positively geotropic; or again the reason why one bud develops from a de(‘p-seated tul^er 
and several from one which is more supcrlicually situatixl. It is to be hoped that the authors 
may find opportunity for the furtlnu* aut(^cological investigation of the species. 

S. M. W. 


ARID SOUTH AFRICA. 

Cannon, W. A, ‘‘General and Physiological Features of the more arid portions 
of Southern Africa, with Notes on the Climatic Environment.” Carnegie 
Institution, Washington. Publ. No. 354, 1924, pp. 1-159. 31 plates and 
13 figs, in the text. 

This volume is a companion to the author’s work on arid South Australia which was 
reviewed in this Journal two years ago (12, p. ^‘18, 1924). The arrangement and treatment 
of the subject matter are very much the same in the two volumes and several of the general 
remarks that were made in the former review might be applied equally to the present work. 

The area in South Africa which has a more or less markedly arid climate and vegetation 
is large and the present account makes no attempt to give a complete picture of the region. 
It is a record of the author’s observatiorus made at a scries of selected places during his 
visit to South Africa. This method of treatment of a large area by the description of 
selected samples has certain inherent drawbacks which are apparent in reading this volume. 
There is a considerable degree of discontinuity and the relationships of communities to the 
environment and to one another are lost sight of. In any case, however, Dr Cannon centres 
attention on representative plants and the adjustment of these to environmental conditions 
rather than on, indeed almost to the exclusion of, plant communities. 

In the first part of the book a general account of the climatic and other features of 
South Africa are given; such features as temperature, rainfall, wind, and humidity of the 
air are considered. Under rainfall, special attention is paid to the seasonal distribution and 
to the occurrence and duration of drought periods. An attempt is made also to determine 
the amount of the total precipitation which is “effective” and “non-effective.” Evapora- 
tion was also studied; and for this purpose Dr Cannon introduced a number of porous cup 
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atmometers of the Livingstoa type. This was the first time such instruments had been 
used in the country. These atmometers were established at a number of representative 
stations, but in most cases they were not running for a sufficient length of time to allow 
of any generalisations to be made from the figures published. Also the results, such as they 
are, are to some extent vitiated by the great variability of the instruments when they were 
restandardised after use. The account of the climatic factors is followed by a very general 
description of the main types of vegetation and of the botanical regions but in this portion 
nothing new is added to the accounts previously published. 

The description of the author’s own observations follows this general introduction, 
observations which wore made at selected stations, in the Namib in South West Africa, 
and at three stations in the Central and Western Karroo, Beaufort West, Prince Albert 
Road, and Majesfontein. General descriptions of the vegetation and topography at each 
station are given, but unfortunately these are so short that it is exceedingly difficult, if not 
impossible, for a reader, who is unacquainted with the ground, to make any cle^iir picture. 

At the Karroo stations quadrat enumerations of the perennial plants were made which 
give a good indication of the degree of local variation in the flora of these regions. Thus 
at Majesfontein four quadrats, each 10 meters square, had respectively: 49 individuals, all 
sclerophylls ; 345 individuals, all sclerophylls ; 330 (170 succulents); and 397 (213 succulents). 

Some notes are given on the root habits: the succulents as a rule have a meagre root 
system which is mainly superficial although exceptions wore noted in Euphorbia multiceps 
and Pelargonium criihmifolium, where the main root descended to deep levels and did not 
form superficial roots. This phenomenon occurs in many other species of Euphorbia. The 
sclerophylls have generally a much larger development of roots. Some cases of root budding 
are noted. 

The next section deals with the structure of the foliar organa of a considerable number 
of the plants. The leaf structure showed very great variety, and the influence of the environ- 
ment seems to have been in the direction of the development of xerophytic features on 
various plans of structure. A summary of some of the features of the families is given, their 
distribution considered and suggestions as to the lines along which the structural modifica- 
tions have occurred are put forward. 

The final portion deals with the foliar transpiring power of the plants in winter and 
spring. The observations were made for the most part in the Karroo and the experiments 
were made by the Stahl-Livingston cobalt chloride method, a method that has great ad- 
vantages for such field studies. A variety of plants was investigated, succulents, sclero- 
phylls, and some geophytes. While the results are rather fragmentary and were all made 
in winter, they do show certain features of interest. The index was found to fall during 
the day ; in the sclerophylls the maximum occurred in the early morning ; in the succulents 
it is at night. The maximum itself is in many cases exceedingly low. It is interesting to 
note, in passing, that a few tests, made on Wehvitschia, gave a surprisingly high index, 
whkdi suggests that, in spite of the habitat, this peculiar plant may not be quite so extreme 
a xerophyte as it is sometimes thought to be. 

The volume as a whole leaves the reader with a feeling of lack of satisfaction, almost 
of disappointment. This is due mainly to the great discontinuity in the treatment of the 
subject matter. The book is really a series of field notes and not one whole; many subjects 
are touched upon but of none of them is there anything like a full account, and the 
passage from one to the other is abrupt. The resulting impression on the reader is of a 
series of isolated fragments. But, in spite of these drawbacks, which are to some extent 
inseparable from the methods of study and treatment, Dr Cannon’s book should be of 
value in drawing the attention of botanists, and especially of South African botanists, to 
an extremely interesting vegetation which presents a very great number of problems for 
investigation. His results, all of which are necessarily of a preliminary kind, should act as 
a stimulus to others to undertake detailed work in these regions. The book is illustrated 
by a number of excellent photographs. 
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INTUODUCTION 

The occurrence of moorland plants on ‘^sour’’ or lime deficient soils and their 
absence from more normal or calcareous soils, which are favourable to the 
majority of plants, has presented a problem which has been of perennial 
interest to field botanists. While around this problem a variety of speculations 
has developed, it is perhaps safe to say that none of the explanations advanced 
to account for the distribution of moorland plants has proved to be entirely 
satisfactory. It, therefore, seemed that a further study of the subject might 
prove to be of value, and a starting point for this study was provided by 
some field observations which suggested that not only calcium deficiency but 
also a high proportion of potassium and sodium (a high basic ratio) might be 
important factors in the distribution of plants of “sour” soils (16, 17). 

Detailed reference to these observations will be made at a later stage. 
Along with the factors mentioned, “sour” soils (16, 17) usually show a rela- 
tively high hydrogen ion concentration as a feature distinguishing them from 
more normal soils. Since moorland plants may grow on soils or other media 
which are not markedly acid (Rayner (23), Atkins (2), Pearsall (16, 17)), it 
seems possible that the hydrogen ion concentration of the rooting medium 
may not be of predominant importance in determining the distribution of 
moorland types of vegetation. In any case, these considerations suggested 
that our preliminary problem was the investigation of the calcifuge habit in 
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2 The Calcifuge Habit in Eriophorum angustifolium 

terms of (1) the calcium content of the soil solution, (2) its basic ratio, and 
(3) its acidity or hydrogen-ion concentration. 

METHODS 

It is obvious that these factors could best be controlled by using culture 
solutions as the rooting media, and solutions were therefore used throughout 
in spite of their lack of resemblance to soil conditions. The latter disadvantage 
was, however, greatly, if not entirely, reduced by the use of Eriophorum 
angustifolium and E. vaginatum as the chief culture plants, since these plants 
normally grow either in water or in extremely wet habitats. Most moorland 
plants also possess three further disadvantages for this type of culture work. 
In the first place, they may be difficult to grow from cuttings or seed, or may 
only grow from cuttings at certain limited seasons like Calluna ( 22 , 23 ). 
Secondly, the majority of plants of this type grow very slowly and are hence 
unsuitable for culture work. Lastly, the rates of growth of a series of cuttings 
may show extreme variability, which makes it a matter of great difficulty to 
institute reliable comparisons of different treatments. 

Preliminary investigations on a number of moorland plants, for which we 
are indebted to Miss V. M. Stansfield, indicated that Eriophorum angustifolium 
was the most suitable of the commoner moorland plants. Cuttings of this 
plant rooted readily, quickly and at all seasons, and their subsequent growth 
was less variable than was the case for other species. Seedlings, however, grew 
rather slowly and they were difficult to manipulate on account of their small 
size. Cuttings were therefore used as the normal material. The behaviour of 
Eriophorum vaginatum was closely similar to that of E, angustifolium ^ but it 
grew very much more slowly. In view of the still considerable variability in 
the cuttings, it was necessary to take precautions to ensure that the material 
used was as uniform as possible. To this end, the cuttings used were picked 
so that they had the same number of leaves, one rooting node, but no roots 
or externally visible new shoots. Dead leaves and sheathing leaf bases were 
removed and the cuttings were required to fall within narrow limits of weight. 
In this way similar groups of cuttings of known initial weight were prepared 
and these were placed in the culture solutions. Our normal practice was to 
employ twelve cuttings in each group, and of these, in most cases, at least t^n 
were available for the final measurements. At the conclusion of the experiment, 
the fresh weight (after careful drying on filter paper) and dry weight (after 
heating to constant weight at 100° C.) were determined separately for the 
shoot and root of each cutting. From these weights the final dimensions of 
each cutting could be expressed as a percentage of its initial fresh weight. 
The mean percentage for the group of cuttings or the culture and the probable 
error of this mean were then calculated. 

While the use of larger groups of cuttings would probably be desirable, it 
would appear that significant results can, with due precautions, be obtained 
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by the methods outlined in this paper. Apart from the care taken in obtaining 
uniformity in the cuttings, we attach considerable importance to the regular 
and frequent renewal of the culture medium (at least once a week). Further, 
in drawing conclusions, we have followed the usual practice of employing only 
those results where the differences between the means are more than three 
times the probable error (9). The records for Eriophorum angustifoUum alone 
now include the results of growing over eleven hundred plants. It is important 
to note that all these results are in essential agreement and the reliability of 
our methods must be considered to be justified by this fact. In addition, the 
variability of the cuttings seems to be reduced to very small limits in observa- 
tions undertaken to check tliis point. Four grouy^s of ten cuttings selected in 
the usual way were grown in each of two solutions A 1 and A 2. The final 
dry weights of these groups of cuttings, expressed as percentages of their 
initial fresh weight, were : 


Solution A 1 

50- 1 
51 (> 
48-4 
40- 1 

MeauH 49-8 


Solution A 2 

45-2 

44-7 

43-5 

450 

444; 


Probable errors based on the individual cuttings were not determined in this 
series. Check cultures of forty cuttings grown in solutions A 1 and A 2 at 
the same time gave very closely similar results, viz. : 

Solution A. 5()‘6 Solution B, 45*4 

The low variability and lack of overlapping results shown by the use of ten 
cuttings are substantiated by a similar series of observations on Deschampsia 
jiexuosa, in which only five cuttings per culture were used. In this case, three 
cultures were grown in each of four solutions, and the results were : 


Solution K 


Averages 


1 

2 

39-7 

54-5 

41-5 

(»6-5 

39-3 

540 

40*2 

58*3 


3 

4 

420 

23-8 

41-8 

33-8 

40-5 

28-2 

41-4 

28-(> 


The agreement between the results for any one solution is remarkable, con- 
sidering the small numbers of cuttings in each culture. 

Solutiom, The solutions employed were various modifications of Shive’s 
three-salt culture solution (27), containing potassium di-hydrogen phosphate, 
magnesium sulphate and calcium nitrate. The details of composition can be 
obtained from the Appendix, and they require no further reference here. The 
principles employed in the composition and rise of the culture solutions need 
further attention, however. The culture solutions were always dilute and they 
were replaced by fresh solution once a week. Rayner ( 22 ) has pointed out 
that the total concentration may be an important factor in the growth of 
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Calluna cultures. All our cultures lie within or below the optimum concen- 
tration values 600-1000 p.p. mill, indicated by Kayner. We attach very great 
importance to the weekly changing of the culture solutions, since cultures in 
which solutions were left unchanged may give entirely different results. 

Four types of solution were usually employed in a given experiment: 



I 

II 

III 

IV 

Calcium content 

Low 

Low 

High 

High 

Basic ratio 

Ca 

Low 

. High 

Low 

High 


The calcium content of the solutions was approximately that of natural 
soil solutions or soil extracts (see p. 27) — “low calcium’' being 10-20 p.p. 
mill, and “high calcium” 40-120 p.p. mill. The magnesium content was 
usually constant throughout a given series. Sodium hydroxide was added 
when necessary to obtain a required hydrogen-ion concentration, but the 
amount of sodium added never exceeded 1 p.p. mill. The alterations in the 
basic ratio were produced by variations in the potassium content, potassium 
di -hydrogen phosphate or potassium chloride being added to give a higher 
basic ratio. The value of this ratio was varied considerably in dilfferent experi- 
ments — but it was, in a given series, the same in solutions I and III, or in 
solutions II and IV. The calcium content of the solutions was increased by the 
addition of calcium nitrate, sulphate or chloride. Nitrates are supposed to 
be toxic to some heath plants, but we were unable to observe any harmful 
effects of this ion upon Eriophorum, even in far higher concentrations than 
those used in the experiments cited below. 

The hydrogen-ion concentration of the solutions was controlled when 
necessary by the addition of hydrochloric acid or sodium hydroxide. It was 
checked colorimetrically (4) every three days, but usually had changed very 
little in a week. Most of the cultures were kept about pH 4-5 — since this is 
about the average pH value of the soils or solutions in which Eriophorum. 
grows naturally. Series of cultures at pH 5*8, 6*0 and 7*0 have also been used. 

In order to keep some sort of a check on the change in the calcium content 
of the solution, the “hardness” of the solution was measured before and after 
the plants had grown in it. This was measured as the amount of standard 
oleic acid solution which had to be added to 20 c.c. of solution to obtain a 
permanent lather. Oleic acid forms insoluble soaps with both calcium and 
magnesium and hence the method measures the sum of the two metals present. 
The method was introduced in the first instance because of its rapidity — it 
being impossible to contemplate any extensive series of estimations by the 
usual oxalate method of estimating calcium (5) although the estimations of 
calcium given were made by this method. It was also thought that the growth 
of the plants might show some connection with the power of the solutions to 
form insoluble soaps which is directly estimated by the hardness method. 
Further, if this had proved to be the case, the hardness of solutions from soil. 
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etc., could be readily estimated in the field. In practice, however, the deter- 
minations of hardness proved to be of little value and, except for a few isolated 
references in the text, they are not included. 

EXPERIMENTAL RESULTS 

In order to obtain coherence in the presentation of the experimental data, 
we propose to consider them under the following headings: (1) calcium effects, 
(2) basic ratio effects, (3) anatomical details, (4) magnesium effects, (5) acidity 
effects, (6) germination, (7) climatic factors, (8) natural and edaphic factors. 
Each of these sections really enlarges on the first and is necessary to the full 
consideration of the calcium effect as shown in our cultures. 

(1) Calcium Effects. 

The nature of the principal differences produced in Eriophorum angusti- 
folium by varying the proportion of calcium in the rooting medium can be 
estimated from the results given in the following tables. 

Table 1. Final dry weight of cuttings as a percentage of their 
initial fresh weighty after twelve weeks. 

Solutions A I and A 2, ftK 4-G, basic ratio 3. (80 plants per culture.) 


Calcium content p.p. mill. 

20 

40 

Total dry weight 

49-80 

44-61 

Roots — dry weight 

2-94 

2-09 

Fresh weight . ^ 

f ^ of tops 

Dry weight 

4-46 

4-15 


Probable errors not determined (see p. 3). 


Table II. Final dry weight as percentage of initial fresh weight. 


Solution B, with increasing proportions of calcium as sulphate; pH 4*6, 
ten plants culture, sixteen weeks. (Series C.) 


Calcium content p.p. mill. 
Basic ratio 
Total dry weight 
Roots — dry weight 
Fresh wei<rht , , 

Dry weight ^ 


10 

20 

69-7 ±1-7 
907 ±0*40 

4-46 ± 0 044 


50 

0-4 

71-2 ±2-2 
13-8 ±0*34 

4- 19 ±0045 


200 
0-08 
53-3 ±1() 
5-2 ±0-51 

4-20 ±0 039 


It appears from these results that increased proportions of calcium may 
lead to decreased production in final fresh weight, dry weight and root weight. 
There is also a pronounced tendency for the water content of the cuttings to 

be lower, as shown by the ratio of fresh weight to dry weight 

is to be noticed also that in our experience, the best calcium content of the 
solution is about 12 to 20 p.p. mill, at pH 4-6. The following results from the 
growth of cuttings in the same solution diluted to various degrees, ma)^ serve 
to illustrate this point as well as the effect of dilution. 
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Table III. Dry weight yield in solutions of different concentrations. 

Solution C, jsH 4-6, basic ratio 1*7, sixteen weeks, twelve plants. 

Culture concentration 1 0-5 0-2 0-05 

Calcium content p.p. mill. 60 30 12 3 

Final dry weight* 65-5±l-22 71-l±0-35 80-3il-67 57-6±l-72 

* As percentage of initial fresh weight. 

It is evident that Eriophorum angustifolium requires calcium, although it 
will normally grow well in solutions of low calcium concentration. We would, 
in addition, emphasise a point, to be considered in detail at a later stage, that 
the calcium effects are variable and are not always of similar intensity even 
in solutions of closely similar composition. 


(2) Effects op Basic Ratio. 

The effects of calcium depend not only upon the calcium content of the 
rooting medium but also to some extent upon the proportion of potassium and 



is high, the effects of calcium may be reduced. It has proved very difficult to 
assess the eXact value of the basic ratio because its effect undoubtedly varies 
in response to other factors both in the solution and the external environment. 
Bearing in mind the fact that increased calcium may produce (1) a beneficial 
effect when the calcium content of the solution is very low (10 p.p. mill, or 
less), or (2) a harmful effect when the calcium content of the solution exceeds 
about 30 p.p. mill., we shall, at least, have to consider the effect of the basic 
ratio in solutions of both types. 

The inability of Eriophorum to grow well in solutions of very low calcium 
content is largely removed by increasing the basic ratio. 


Table IV. Yield in solutions containing 10 p.p. mill, of calcium pH 4*5. 


Basic ratio 
Total dry weight* 

Dry weight^ — roots* 

Fresh weight . , 

Dry weight ^ 

Reduction in hardness of solution 


1-5 

55-5 d-1-2 
4-7 iO ll 

4- 16 i 01 4 

1-8 


Solutions 1) 1 and 
0 2 
0-5 

321 il-6 
0-74 it 004 

425d:017 

0-36 


* As percentage of initial fresh weight. 


It would appear from this result that an increased basic ratio may cause 
an increase in the amount of calcium absorbed and hence an increase in yield. 
This supposition is also supported by the figures for the reduction in the 
hardness of the solution — which are given as c.c. of standard soap solution 
per week — on the average for four weeks. The hardness is reduced more in 
the solutions of higher basic ratio and hence more calcium and magnesium 
were absorbed from these solutions. It is possible that the increased basic 
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ratio may increase the permeability of the tissue, permitting more rapid entry 
of calcium. On the other hand, the general assumption is, that higher pro 
portions of potassium or sodium reduce the rate of entry of calcium ions (25) 
though possibly this may not apply in solutions of very low concentration. 
It should be noticed in this connection, therefore, that the efiect of a high 
basic ratio in increasing calcium absorption apparently tends to disappear in 
solutions of higher calcium content. The following figures illustrate this. 

Average weekly reduction in hardness of solution (as c.c. of standard 
soap solution). 

Basic ratio 

Calcium content High (1-5) Low (0-5) 

15 p.p. mill. 1-4 0-5 

50 p.p. mill. 3*05 2-9 

Along with this apparent similarity in the amounts of calcium absorbed 
in the solutions of higher calcium content but different basic ratio, we have 
the tendency for the beneficial effect of a high basic ratio to disappear as the 
calcium content of the solution increases. This, as well as the general effects 
of a high basic ratio, can be estimated from Table V, which gives data for 
three species. 

Table V. Effect of solutions of different basic ratio and calcium 





content. Solution E. 











Calcium 






Fresh 

weight 

content 


Total dry weiglit* 

Root — dry 

- A 

weight* 

Dry weight 

p.p. mill. 

Basic ratio 

r 

4 

2 

4 

2 

4 

^ 

2 



Eriophorum [ 
angustifolium) 

39-5±()91 

33- 1 tO-49 

l-22:h0-093 

0'70±0-04 

3-81 ±0-075 

3-49±012 

20 

pR 5-8 

34-2 i 0-93 

32-5:1: 102 

0-48 l:0 0()(i 

0-54 ±0-06 

3-21 ±0-086 

3-35 ±0-07 

40 

Eriophorum ] 
vaginatum, ) 

31-4±M7 

20-7 i 1-43 

2-2 ±0058 

0-8 ±0-071 

7-1 ±0-18 

4-8 ±0-18 

20 


231il-46 

24-5i:0-98 

1-5 ±0-069 

1-0 ±0-046 

G-9 ±0-21 

5-1 ±0-16 

40 

Deschampsia ) 
flexuosa j 

58-3±207 

40-2 £0-32 

10-6 ±0 33 

3-2 ±0-07 

3-02 ±0-039 

2-97 ±0-03 

20 

pH 4*8 

28-6±l-58 

41 -4 i 0-20 

2-4 ±0-14 

3-6 ±0-10 

2-57±0-07 

2-35 ±0-032 

40 



* As 

percentage of initial fresh weight. 




In these results, highest total yield, root yield and water content are found 
consistently in the solution of low calcium content and high basic ratio. (It 
should be noticed that the data for Eriophorum, angustifolium are not exactly 
comparable with those previously discussed, as they were carried out in less 
acid solutions.) It is, further, of interest to observe that, under the conditions 
of this experiment, the water content of Eriophorum vaginatum apparently 
depends more on the basic ratio, while the water content of Deschampsia 
flexuosa is more closely dependent on the calcium content. While, in all the 
results, there is rough correlation between high water content and high yield, 
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it is equally clear that high water content does not necessarily mean high 
yield, although it will undoubtedly be one of the favourable factors. The effect 
produced by calcium and the basic ratio upon the water relations is clearly 
one of importance. Two factors §eem to operate in producing high water 
content in solutions of low calcium content and high basic ratio. Increased 
root production will, on the whole, favour the production of high water con- 
tent, but it seems clear from an examination of Table V that high water con- 
tent may occur along with small roots — notably in the case of Deschampsia. 
The other factor modifying the water content is the rate of transpiration. 
Both Reed (24) and Hansteen-Cranner (11), working with solutions of single 
pure salts, have found that calcium produced an increased rate of transpiration, 
while potassium and sodium caused a reduced rate. This would clearly tend 
to give a higher water content in plants grown in solutions rich in potassium 
or sodium salts, and in this respect our results are explained by those of Reed 
and Hansteen-Cranner. Further, in a few cases we have estimated the amount 
of water absorbed from our solutions, which gives a rough guide to the amounts 
transpired. In general, there is a rather higher rate of transpiration in solutions 
rich in calcium, although, in view of the doubtful accuracy of the method, we 
should hesitate to call this significant without the evidence of the authors cited. 
Our limited resiilts do suggest, however, that significant differences in the ratio of 
fresh weight to dry weight are associated with differences in transpiration rate. 

The following data were obtained by growing cuttings in the solutions for 
two months in the usual way, and then leaving tlie solutions unchanged for 
a month to allow the measurement of the water absorbed by the plants. 

Table VI. 


Solutions I) 

1 

2 


4 

Calcium content 

12 

12 

48 

48 

Basic ratio 

1*5 

0-5 

1-5 

0-5 

Fresh weight . , 

Dry weight ^ 
Transpiration, c.c.* 


4-41 

4:i8 

:h9b 

20* 1 

20-9 

20-9 

24-2 


* As c.c. of water absorbed per gram of final fresh weight of tops. 

It will be noticed that the water content is inversely proportional to the 
amount of water transpired. The position is, therefore, that the effects of 
calcium and the basic ratio upon the water relations seem to be largely due 
to alterations in the rate of transpiration. We have also to remember that the 
beneficial effect upon yield of a high basic ratio operates chiefly in solutions 
of low calcium content, and further, that alterations in the water relations are 
not always associated with alterations in yield. 

(3) Anatomical Characters Associated with Calcium and 
Basic Ratio Effects. 

In addition to the effect produced on weight and water content, solutions 
rich in calcium may also produce distinct differences in root size and morpho- 
logy. The extremes observed have always occurred on contrasting roots from 
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solutions poor in calcium with a high basic ratio, with roots of similar age from 
solutions of low basic ratio, and high calcium content, as, for example, in the 
plants described in Table V. In the more calcareous solutions some or all of 
the following changes may be seen: (1) scarcity of root hairs, (2) failure in 
lateral root development, (3) pink or brown coloration. In extreme cases the 
lateral roots cease developing as soon as they emerge from the cortex of the 
main root, so that they are visible only as brown protuberances on the surface. 
In such a case as this, the failure of the lateral meristems to develop is asso- 
ciated with the almost com* ' ite differentiation of the cells of the root apex, 
and only about one or two layers of cells near the outside of the root remain 
non-vacuolated and apparently meristematic. Thus solutions rich in calcium 
appear to favour rapid vacuolation of the dividing cells. Along with this 
difference in the meristems, there are modifications of the cell walls of the 
mature roots. The walls of the cortex are usually noticeably thinner in the 
solutions of higher calcium content, and the exodermis is also thinner — often 
only one cell thick and usually interrupted by thin-walled cells whose walls 
give no fat stains (Sudan III or osmic acid). In such solutions there is also 
a decided tendency for fatty material to appear as globules, either on the 
exodermis walls or on those of the central conducting strand. 

In solutions of low calcium content, the walls of the cortical cells are thicker, 
and they show little stratification and often have a gelatinous appearance. 
The exodermis is usually continuous and two or three cells in depth. We are 
inclined to attribute some importance to these apparent differences in w^all 
composition. A curious feature of the roots examined from solutions of high 
calcium content is that lateral roots often grow down through the cortex. 
It seems as though, under these conditions, the exodermis may be so resistant 
that the root initials cannot penetrate it. If they do, their development is 
usually retarded, but otherwise they may grow down between the exodermis 
and endodermis of the parent plant. This feature has not been observed in 
solutions of low calcium content and high basic ratio and, if the suggested 
explanation is correct, it agrees with the observation that the cortical cell 
walls of roots from such solutions are thicker and more gelatinous in appear- 
ance, and, hence, presumably softer. 

Another noteworthy feature observed in the cultures of all three species 
described in Table V, as well as in other cultures, is that the solution of low 
calcium content and high basic ratio may become slightly turbid and opalescent 
during the period of rapid root development. In Descharnpsia Jlexuosa only, 
this turbidity was also accompanied by a swollen and gelatinous appearance 
in the roots just behind the growing point. Hansteen-Cranner ( 11 ) has 
observed similar changes during the growth of Lupin seedlings in solutions of 
single sodium or potassium salts, and they are apparently caused by the 
diffusion of the soluble potassium or sodium salts of fatty acids from the 
cell walls into the outer solution. In the presence of suitable quantities of 
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calcium, insoluble calcium salts of these substances are apparently formed 
and precipitated in the wall, giving it greater rigidity — for the loss of these 
substances as soluble salts leaves the walls soft and gelatinous. 

It seems probable that these wall differences find another expression in the 
fact that the root hairs of Eriophorum tend to be longer and more abundant 
in solutions of low calcium content and high basic ratio. If the walls are softer 
and more gelatinous under these conditions, then they will be more readily 
stretched during the period of cell extension — so that longer and more abundant 
root hairs should result. Hansteen-Cranner’s work ( 11 , 12 ) thus seems to 
provide a clue to the three main facts observed in connection with root struc- 
ture and development. It seems that we can associate with low calcium con- 
tent and a high proportion of potassium (1) diffusion of material from the 
roots (and swelling in Deschampsia Jlexuosa), (2) the thick and gelatinous 
character of the cell wall as revealed by hair formation and by microscopical 
examination; while high calcium, on the contrary, is associated with (3) the 
frequent inability of the lateral roots to pierce the outer layers of the cortex. 
So far as the physical character of the cell walls can be estimated, therefore, 
high calcium gives thinner, less gelatinous and more resistant cell walls. 

Influence of the cell wall on the water relations. 

These characters are probably of importance in providing a clue to the 
differences in water content shown by the aerial parts of the plants. Owing 
to the difficulties of measurement, it has not proved possible to observe 
significant differences in the thinner cell walls of the leaves, although it seems 
extremely probable that similar, though perhaps less marked, differences in 
their composition must exist. If so, they would affect the rate of transpiration 
(and hence the water content), since this must depend upon the chemical and 
physical character of the evaporating surface— the cell wall. Indeed, Hansteen- 
Cranner’s investigations already cited ( 12 ) suggest that this is a fundamental 
factor, for his evidence permits the assumption that the greater transpiring 
power of plants grown in solutions of calcium salts is due to the presence of 
calcium salts of fatty substances in the cell walls. In the presence of such 
substances, cellulose membranes absorb water less rapidly than do similar 
membranes impregnated with sodium or potassium salts, which act in the 
reverse way. 

If the water relations of plants can be affected in this way by the cell wall 
composition, then we might expect that this effect would be more pronounced 
either when the cell walls are thick or when their fatty constituents are present 
in considerable proportions. The thickness of the cell walls appears to be a 
very noticeable feature of the anatomy of the two species of Eriophorum 
examined, and this would, therefore, suggest the importance of the wall effect 
in controlling their water relations. Priestley and Hinchliffe ( 18 , 19 ) have 
already drawn attention to the considerable proportions of fatty materials 
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present in Eriophorum, in common with other moorland plants, as shown in 
the peculiar features of their anatomy. This, also, therefore, suggests that the 
cell wall effect is of considerable importance. 

(4) The Effect of Magnesium. 

According to Hansteen-Cranner’s observations with solutions of pure single 
salts, magnesium affects the water relations of plants in a similar manner to 
potassium and sodium, a fact wliich this author attributes to the ability of 
magnesium to form soluble salts with the fatty materials of the cell wall. It 
is necessary to point out that magnesium only forms soluble salts with a 
limited number of fatty acids, and in a large number, perhaps the majority, 
of cases, the magnesium soaps are relatively insoluble and more like those of 
calcium. It is possible because of this or from some similar cause that the 
behaviour of magnesium in reference to the growth of Eriophoruni has proved 
very difficult to define. In only three cases has a high proportion of magnesium 
produced any appreciable effect. In two of these the effect resembled that of 
calcium, but in the other case the effect was one normally produced by higher 
proportions of potassium. The most striking effect was produced in a set of 
cultures in which three solutions were used containing K, Mg and Ca in the 
following proportions (as p.p. mill.): 



Solution I 

Solution IJ 

Solution III 


’ Low Mg” 

“High Mg” 

. “High Ca“ 

K (aa KH 2 P() 4 ) 

120 

80 

120 

Mg {aa MgSO,,) 

4 

40 

4 

(Ai (aa (,^a(N()o)..) 

20 

20 

40 


Solutions I and II were each set up at two jt)H values, pH 4*5 and 6*0, 
while solution III was set up in duplicate. The percentage yields obtained in 
these cultures were as follows: 

Low Mg High Mg tJigh Cii 

pH 4-5 n4-2 1 0-8() r>9-o » 0-60 oO-S ' 0-75, 57-5 i 0-72 

/)8(> 1,0-70 ol-2i0-75 

It is noticeable that the effect of magnesium in these cultures is precisely 
the same as that of calcium — it produces a marked reduction in dry weight. 
In a subsequent culture this result was confirmed, so that it is probably safe 
to assume that calcium and magnesium may have closely similar effects upon 
the dry weight yield. On the other hand, one very striking feature of the 
“high magnesium’’ cultures was the length and number of the root hairs — a 
feature usually associated with a high proportion of potassium in our observa- 
tions. Since we attribute this marked root hair production to the gelatinous 
nature of the cell walls, it seems that in this respect magnesium produces effects 
akin to those ascribed to it by Hansteen-Cranner and hence opposed to those 
produced by calcium. In any cultures in which transpiration has been mea- 
sured high magnesium apparently tends to produce a small reduction in the 
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transpiration rate. This may or may not be significant, but it suggests a possible 
similarity to potassium in this respect also. 

(5) Effects of Acidity. 

In the succeeding paragraphs, the problem to be examined is the effect of 
the hydrogen-ion concentration of the rooting medium upon the behaviour of 
Erio'phorum angustifolium in relation to calcium. The growth of cuttings in 
solutions containing 16 p.p. mill, of calcium was examined in a series of cultures 
of which the jpK values varied between 2 and 9. No growth took place 
in cultures of these extreme values, but between pK 3 and jjH 8 the follow- 
ing data were obtained. 

Table VII. 

Solution F. 

pE 3 4 5 6 7 8 

Final dry weight* 36-5 t2-8 93 ±6-6 108 ±61 107-5±6 0 93-5±5-7 44 ±3-2 

Roots— dry weight* 0-8 6-5±0-4 5-2 ±0 37 10*3±l-4 2-6±0 17 3 0 ±0-21 

* As percentage of initial fresh weight. 

Allowing for the size of the probable error, it is clear that no great difference 
in growth took place between pH 4 and 7, limits which represent approxi- 
mately the observed range in which this plant grows in nature. Root production 
at pH 7*0 was, however, significantly smaller and the roots were less branched, 
in a way which rather suggested the effects of high calcium. The figures for 
water content were rather variable and consequently significant data were 
not obtained. In a subsequent series, however, the following figures were 
obtained, using solution B 1, which contains 20 p.p. mill, of calcium. 

Table VIII. 


pH 

4 

5 

6 

7 

Final dry weight* 

40-5 ±M0 

40-2 ±M3 

42-5 ±1-24 

:i3-6 ±102 

Roots — dry weight* 

1-45±013 

1-23±011 

1-38±012 

0-49 ±007 

Fresh weight , ^ . 

Dry weight 

4'72±007 

4-90 ±008 

4-76±007 

4-32±010 


* Ab percentage of initial fresh weight. 


Here, again, the figures obtained at pH 4, 5 and 6 were closely similar, 
but at pH 7 there is marked reduction in yield (total and roots) and also in 
water content. It is suggestive to notice that this effect is rather more pro- 
nounced in solutions of higher calcium content, and it seems to be due to the 
more rapid absorption of calcium at pH 7 as compared with pH 4*5. Thus, the 
amounts of calcium absorbed by plants of closely similar size and root develop- 
ment in solutions of pH 4*5 and 7*0 were as follows: 

Calcium absorbed per gram of dry weight per month. 

Calcium in solution 16 p.p. mill. 50 p.p. mill. 
pH 4-5 4*2 mgm. 8-2 mgm. 

pH 7 0 61 „ 13-2 „ 
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Thus, the absorption of calcium was 50 per cent, greater at 7 as com- 
pared with that at 4*5. Arrhenius ( 1 ) and Theron ( 31 ) have obtained 
similar results for wheat and cucumber respectively, and the routine estima- 
tions of ‘'hardness’' in our cultures confirm the above result. In a set of cul- 
tures, to which reference has already been made, the dry weight yields (as 
percentages of the initial fresh weight) were : 

“ Low Magnesium ” “ High Magnesium ” 

20 p.p. mill, calcium 20 p.p. mill, calcium 40 p.p. mill, calcium 
pH 4*5 64*2 59-5 56-8 and 57-5 

pH 6*0 58-6 51-2 — 

The effect of higher pH value was here similar to that of higher calcium 
both on the total yield and also on the root form and weight. Parallel to this 
is the fact that the hardness was reduced more at pH 6 than at 4-5. 

Average weekly reduction in hardness of culture solutions during jive weeks. 





Initial 

Final 





hardness 

hardness 

Difference 



pH 

c.c. 

c.c. 

c.c. 

1 

“Low Magnesium” (calcium low) 

4*5 

15-6 

13*7 

. 1*9 

2 


60 

15-6 

12*5 

31 

3 

“High Magnesium” (calcium low) 

4-5 

24-3 

22'4 

1-9 

4 


6-0 

24*3 

19-0 

5-3 

5 

High calcium 

4-5 

22-0 

18-6 

3*4 


These figures roughly indicate the relative amounts of calcium and mag- 
nesium absorbed, and from them we can calculate the relative absorption of 
calcium and magnesium for solutions 1-5 expressed as mgms. of calcium per 
gm. of dry weight of plant per week, viz. (1) 1*9, (2) 3-0, (3) 2*2, (4) 4-4, 
(5) 3*2. Roughly these figures for the relative calcium absorption will be found 
to be inversely proportional to the yield. It may be assumed, therefore, that 
a higher pH value will be associated with more rapid absorption of calcium 
and it should, therefore, follow that the effects of a given concentration of 
calcium will be accentuated at pH 6 or 7 as compared with pH 4*5, the usual 
reaction of our culture solutions. 

We have available the following data for Eriophorum angustifolium grown 
in similar solutions (B 1) whose calcium contents were varied by the addition 
of CaS 04 (cultures of ten plants). 

Dry weight of cuttings. 


(As percentage of initial fresh weight.) 


Ca content p.p. mill. 

12 

90 

360 

{a) pH 4-6 

36-6 

32- 1 

25*3 

{b) „ 4-5 

34-5 

33-6 

29-5 

(c) „ 4-5 

— 

32-7 

21-5 

{d) » 7-0 

360 

28-0 

16*6 

(e) „ 7-0 

— 

28- 1 

200 
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Taking the average result for each calcium content at each jiH. and 
expressing these as percentages of the average yield in solutions containing 
12 p.p. mill, of calcium, we get the following relative yields at the different 
hydrogen-ion concentrations : 


Ca content p.p. mill. 

12 

90 

300 

pH 4-5 

100 

92r> 

71-5 

pH 7-0 

100 

80 

52-3 


showing that the effect of high calcium is greatly accentuated by a high 
value. 

We come next to the question of the effect of the basic ratio at different 
pH values. This is illustrated by the following series of results: 

Table IX. Dry weight of cuttings {as per cent, of initial fresh weight) 
at different pH values^ calcium contents and basic ratios. 


Series H. 


Solution H J 

11 

III 

1V% 

Calcium 

p.p. mill. 12 

12 

48 

48 

Basic ratio 1-5 

0*5 

1-5 

0-5 

pH 4-5 

575 

33 3 

80 8 

59- 1 

pH 7 0 

67 0 

390 

57-4 

58'0 


of topg in fini above solutions. 

Dry weight 


pH 4' 5 

4*25 

4-34 

4-32 

4-44 

pH 7 0 

4-()3 

4-41 

4*38 

3 96 

1 

'ranspi ration to nearest c.c 

. fxsr gm. of fresh 

weight per month. 


pH 4*5 

21 

22 

21 

22 

pH 7-0 

• 20 

21 

21 

24 


Calcium absorbed — nigm. 

per gm. of dry weight fxu- month. 


pH 4-5 

4-2 


8-2 


pH 7-() 

01 


13-2 

— 


In this series the individual weighings of cuttings were omitted in order 
to allow of measurements of transpiration and calcium absorption. Probable 
errors cannot be given, therefore, but the cuttings were very uniform in each 
solution. The results indicate that the effect of the basic ratio on yield decreases 
as the calcium absorption increases, so that it is largest in solutions of 10 p.p. 
mill Ca at pH 4-5 and negligible in solutions with high calcium content at 
pH 7. 

Comparing the quantities of calcium absorbed with the relative effect of 
the basic ratio on yield — expressed as yield in high basic ratio (H) over yield 
in low basic ratio (L) - we get: 


Solutions 

pH 

Calcium 

absorbed 

High 

Low 

1 and T1 

|4-5 

4*2 

1-73 

(7-0 

01 

1-09 

111 and IV 

f4-5 

8*2 

1*37 

(7-0 

13*2 

0-99 


This is clearly equivalent to a former conclusion (p. 7) that the effect of 
the basic ratio on yield is more marked in solutions of low calcium content 
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On the other hand, the effect of the basic ratio on the water relations is only 
clearly shown in the solutions of high value and calcium content, under 
the conditions of this experiment. This seems to emphasise the point, to which 
reference has previously been made, that the two effects (on yield and water 
relations) are not necessarily very closely related. Two further points of 
interest are indicated in this table. In the first place, a similar low yield is 
produced both by too little calcium absorption (solution I at pH 4*5) or by 
too much (solution III at pH 7). The greatest yields are associated with inter- 
mediate quantities of available calcium. Secondly, the ''optimum” hydrogen- 
ion concentration for the growth of Eriophorum may vary with the com- 
position of the nutrient medium. It is at higher pH values in solutions of low 
calcium content, but at lower pH values if the calcium content of the solution 
is high. 

The essential points, then, which emerge from this consideration of the 
effects of acidity are (1) that calcium absorption increases as the acidity of 
the solution decreases, (2) that the optimum hydrogen-ion concentration for 
the growth of Eriophorum may vary with the calcium content and basic ratio 
of the solution, (3) that the effect of the basic ratio upon yield appears to 
decrease with decreasing acidity but the effect on water relations may be more 
clearly marked in less acid solutions. 

Germination of Eiuophouum. 

It was originally intended to try to carry out a set of cultures in which 
seedlings were raised from seeds to maturity, but the seeds of Eriophorum 
angustijolium germinated rather slowly and the seedlings were delicate and 
not easily handled, so that progress proved to be rather limited. Some interest- 
ing data were acquired, however, for which we are indebted to Miss V. M. 
Stansfield, and to these a brief reference is desirable. The solutions used were 
similar (B 1) but contained different proportions of calcium as sulphate (10 
and 60 p.p. mill.). In each series, fifty seeds were allowed to germinate on 
damp filter paper moistened daily with the culture solutions and kept in a 

warm and moist chamber. We give below the percentages of germination of 
these seeds (1) after four days, and (2) finally. 

Percentage germination o/* Eriophorum angustifolium. 


Ctilcium 
content of 
solution 

Four 

A 

days 

Total 


Low 

High 

Low 

High 

Expt. 1 

pH 4*5 

28; 25 

30 

58; 68 

58 

2 

„ 4-5 

40; 36 

48 

70; 80 

74 

;; 3 

» 4-5 

12 

22 

56 

56 

„ 4 

» 7 

57 

31 

82 

76 

„ 5 

Average 

,, 7 

59 

37 

78 

72 

,, 4-5 

28 

33 

66 

63 

99 

,, 7 

58 

34 

80 

74 


JVow these results show considerable variability from one experiment to 
the nextj so much so, that when they were originally carried out, no importance 
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was attached to the differences in percentage germination, especially as the 
final results show but little difference in the germination in the two different 
solutions. In the light of our subsequent knowledge of the effect of acidity 
on calcium absorption, it is of great interest to observe that in acid media 
(pH 4*5) the most rapid germination takes place in solutions relatively rich in 
calcium, while in neutral solutions (pH 7) germination is most rapid in solu- 
tions containing smaller quantities of calcium. The subsequent history of the 
seedlings agrees with this conclusion. The seedlings grown under conditions 
favouring rapid germination developed best. The best of the four sohitions 
for seedling culture was undoubtedly solution I (low calcium) at pH 7, while 
plants grown in the neutral solutions generally remained larger and healthier 
than those in the acid solutions. These cultures had finally to be discontinued 
on account of the slowness of development of the seedlings. 

(7) Climatic Influences. 

The possible importance of climate as a factor in the operation of the 
calcium effect naturally received some consideration when it was realised that 
the water relations of the plants might be an important feature of the whole 
problem. While it was obvious that dry atmospheric conditions might easily 
determine whether or not the drying effect due to high calcium was obtained, 
the realisation of the importance of the climatic factor sprang from a series 
of observations made during the winter of 1924. In order to continue the 
investigations through the winter, it had been our practice to make use of a 
small laboratory continuously lit by electric light, which was readily main- 
tained at a fairly constant temperature. In this room most plants, including 
Eriophorum, make abundant growth, and hence confirmatory series of cultures 
could be carried on through the winter. In the particular series (D) under 
consideration, although we were using solutions which had previously proved 
successful, no significant calcium effect was obtained. Not only were the plants 
strikingly similar in appearance, but their roots were, if anything, more 
branched and the water content also proved to be higher in “high calcium.’’ 


Solution Gl 

1 

Table X. 

Series 1). 

2 

3 

4 

Ca content p.p. mill. 

20 

20 

40 

40 

Basic ratio 

3 

0 

3 

6 

Dry weight % 

66*3 ±M9 

04*2 ±0*86 

56*8 ±0*75 

60*9 ±0*81 

Roots — dry weight 

4'65±0-21 

3*90 ±0*30 

4*71 ±0*19 

4*68±0*22 

Fresh weight 

Dry weight 

5-40±010 

5*19 ±0*061 

5*99±0*06 

6*08 ±0*072 

Solution; 4-5; 9 weeks. 




A rigorous examination of the conditions under which the experiment had 
been carried out suggested that it differed from the previous successful experi- 
ments which had been staged in a cool greenhouse, chiefly in the high tern- 
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perature at which this winter series had been kept, possibly also in the high 
atmospheric humidity of the winter culture room. 

The cultui'es had been constantly kept in air temperatures of 2V-27^ C., 
with their roots in solutions at 18-20° C. The experiments were, therefore, 
repeated, using similar cultures but keeping the air temperatures down to 
12-15° C. and the solutions at 7-10° C. The relative humidity of the atmosphere 
was closely similar in both experiments. Under these conditions, the results 


in twelve weeks were : 


Table XI. 





Series E. 



Solution (ji 

1 

2 

3 

4 

Ca p.p. mill. 

20 

20 

40 

40 

Basic ratio 

3 

6 

3 

6 

Total dry weight* 

35-4 i0*31 

35-7 ±1-20 

31*7 ±0-67 

33 0 ±0*57 

Roots — dry weight* 

lATiOll 

D57±014 

0-90 ±0*08 

0-86±005 

Fresh weight . , ^ 

r~ of tops* 

Dry weight 

401 ±0 040 

4-33 ±0053 

3-98 ±0060 

403 ±0051 


* As percentage of the initial fresh weight. 



The most noticeable difference in this series was in root production, which 
showed a marked calcium effect in reduced size and branching coupled with 
a just significant difference in dry weight. Equally important was the reduction 
in the water content of all the cultures, as compared with the previous set, 
while the maximum water content appeared in the usual place in this type of 
culture, viz. in high basic ratio and low calcium content. A curious feature was 
that the basic ratio apparently produced little alteration in yield, although 
it affected the water contents in low calcium. The general conclusion to be 
drawn from this experiment is that the calcium effects can be very greatly 
reduced by the employment of high temperatures. The data show that this 
reduction was not due to the exhaustion of the calcium in the solutions, since 
the hardness of these solutions was rarely reduced by more than 10 per cent, 
in a week, and never by more than 20 per cent. Hence the majority of the 
calcium remained in the solution. The temperature effect is therefore some 
metabolic effect, which either alters the way in which the calcium is utilised 
internally or else makes the plant less sensitive to the calcium effects. We 
suggest that both factors may be in operation. Attention has already been 
drawn to the probable importance of the cell wall composition as a factor in 
producing calcium effects, and our observations have agreed with those of 
Hansteen-Cranner in indicating the importance of calcium soaps in this 
connection. 

According to Lewkowitsch ( 14 ), the solubility of the calcium soaps is 
extremely sensitive to changes of temperature, so that, although their solu- 
bility is very low at normal temperatures, a small rise of temperature is suffi- 
cient to produce a relatively considerable change in solubility. If we apply 
this conclusion to the question of’the deposition of Ca soaps in the cell wall, 
then it would follow that a rise of temperature would slow down this process 

Journ. of Ecology XV 2 



1 8 The Calcifiige Habit in Eriophorum angustifolium 

very considerably, since the calcium soaps would be relatively much less 
easily precipitated. The effect of calcium upon root structure and the water 
relations of Eriophorum is clearly very largely dependent upon the precipita- 
tion of Ca soaps in the cell wall. Hence a rise of temperature, by considerably 
reducing the rate of precipitation, might considerably reduce the calcium 
effect, particularly the effect of calcium upon the roots and the water relations. 

So far as the temperature affects the metabolism of plants, it appears 
(Tottingham, 32 ) that a higher temperature increases the rate of nitrogenous 
metabolism more rapidly than it affects alternative types (of synthesis). 
Hence the proportion of organic nitrogen compounds in the plant is higher than 
is normal. Unpublished work in this laboratory has shown that this condition 
of ‘'high nitrogen” may give rise to higher water content in the plant. High 
temperatures are, therefore, indirectly followed by higher water contents, and 
the more favourable water relations thus induced would clearly tend to counter- 
act the drying effect of high calcium. 

The roles of temperature and calcium in the water economy are, of course, 
capable of being modified by the usual atmospheric factors which affect tran- 
spiration. While it is not possible to describe the atmospheric conditions of 
our culture chambers very precisely, yet we can contrast three sets of cultures 
in the high temperature chamber used in winter, in which the humidity varied 
considerably while the temperature remained fairly constant. The most humid 
conditions employed were those of the exceptional experiment to which refer- 
ence has already been made (Table X). During the course of this experiment, 
the usual procedure was to water the floor of the chamber heavily twice a 
day. The normal procedure, a single daily watering, was employed in numerous 
other experiments of type F, G (below), while, for a few of the earliest cultures 
in this room, watering was not employed (C). While no continuous records of 
atmospheric humidity exist, the available data as to the readings of wet and 
dry bulb thermometers agree with the estimate of humidity given above. 
Data for greenhouse cultures show similar but much smaller variations in 
humidity, as summarised below. The ratio of fresh weight to dry weight given 
in this summary represents the average of all plants in the series of cultures. 

Table XII. 


(future 

Nunibej- 

I^Vesh weight 

Ap])roxiinate 

solution 


s('j-ies 

of y)iants 

Dry weight 

t<?mperature 

lleiuarks 

D 

72 

5-94 

18-22" C, 

Room heavily watered (Table X) 

K 

50 

4-08 

7-11 

Low temperature series (Table XI) 

F 

20 

4-81 

17-20 

Room watered moderately (Table VlllJ 

G 

40 

4-08 

17-20 

C 

30 

4-28 

17-20 

Room ocjcasionally watered (Table 11) 

A 

48 

3-40 

11-15 

Dry greenhouse (Table V) 

B 

48 

3-32 

11-15 

»» 

L 

40 

4-38 

16-20 

Moist ,, (Table IX) 

H 

80 

4-34 

16-20 

,, ,, 
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In the above table, series F, B and L are given as checks on other series 
which have been given in detail elsewhere. The figures indicate quite definitely 
that the water contents of the plants can be controlled by varying the humidity 
of the atmosphere, as well as by altering the temperature. We have emphasised, 
in this connection^ the cultures grown under controlled conditions of light, 
simply because estimates of atmospheric humidity were also available; but 
the relation of water content to humidity is clearly visible in our other cultures, 
as, for example. A, B, L and H, for which consistent differences in humidity 
are recorded. Now, it has been noted that the calcium effect disappears in 
series D with high water content, while in series A and B it was very well 
marked when water content was least. Is it possible to estimate the relative 
magnitude of the calcium effect in relation to the fresh weight/dry weight 
ratio ? 

In order to attempt this it will be necessary to confine the discussion to 
solutions having similar composition and calcium contents, of which we have 
D, E, X and A (solution G), which give a large range of water contents. The 
roots will presumably be most affected by the composition of the solution, 
since they are in contact with it, so that relative root yield in solutions of high 
and low calcium content may be taken as one test of the calcium effect. We 
shall express the relatwe root yield as the maximum percentage increase of 
root yield per week in low calcium solutions, as compared with high calcium 
solutions. 



Erosh weight 

Maximum 
root yieUl 
in solutionK 

Minimum 
root yiekl 
in solutions 

Dift'erenoe* 

1) as 


Dry weight 

of low Ca* 

of high Oa(H) 

(D) 

of H 

A 


0094 

0037 

0057 

154 

E 

4-08 

01 27 

0072 

0055 

70 

X 

4()r) 

01 71 

0150 

0021 

14 

1) 

51)4 

0-5J7 

0-520 

— 

0 


* JJry weight yield of jDot.s per week as a iK'ircontage of the initial fresh weiglit of cuttings. 

The figures obtained by this method are, of course, only approximate, but 
they support the assumption that the difference in root yield between similar 
solutions of high and low calcium decreases as the water content of the plants 
increases. In agreement with this is the fact that calcium effects have, in our 
cultures, been slight or negligible when the fresh weight/dry weight ratio 
exceeded 4-4 or 4*5, unless considerably higher calcium concentrations were 
employed than normally. It appears justifiable to assume, therefore, that the 
calcium effect on root yield is a variable, depending on the jffiysiological 
humidity of the environment. We incline, also, to the belief that the calcium 
and basic ratio effects on the water relations may also vary with the water 
content of the plants. This possibility is indicated by the consideration of the 
examples taken above. In A and E (pp. 7 and 17 ) high water content only 
occurred in low calcium and high basic ratio, while in D and X (p. 16) little 


2—2 
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diflEerence was observed in the water contents or those in high calcium were 
somewhat higher. Similarly, in series H (p. 14), low water content only 
occurred in solutions of high calcium content, low basic ratio and high jpH. 
The indications suggest, therefore, that, as the water content of the plants 
increases, the drying effects of high calcium concentrations become increasingly 
difficult to produce. 

The analysis attempted above leads to the recognition of the fact that the 
water content of Eriophorum angustifolium can undoubtedly be controlled by 
altering the temperature and humidity of the atmosphere, and that conditions 
that lead to high internal humidity also lead to a reduction or disappearance 
of the calcium effects. Considerable importance is attached to these facts 
because, not only do they serve to account for the marked degree of variation 
in the intensity of the calcium effects observed in our cultures, but also because 
they seem to have a direct bearing upon the results and interpretation of the 
field experiments to be described next. 

(8) Natural Habitat Factors. 

It is now necesary to indicate the conditions under which Eriophorum 
grows in nature and to see if these bear any resemblance to those which have 
operated in the case of the laboratory cultures. The most complete observa- 
tions are those from Austwick Moss, in West Yorkshire. This moss’’ is a 
typical area of ‘'lowland moor” as described by Rankin (20). It is dominated 
in the centre by Eriophorum angustifolium and E. vaginatum, the former 
occurring in extensive water-logged depressions, which are usually old peat 
cuttings. This area merges through a transitional and drier zone, with abundant 
Calluna, into a region on the north side, in which Molinia coerulea is dominant, 
while J uncus sylvaticus, Myrica gale, Phragmites communis and Salix cinerea 
are abundant or locally subdominant. This zone is associated with the flushing 
effect of a small stream, and it will be referred to as “fen” (cf. 15). In both 
the Eriophorum bog and the “fen” zone the water table is normally at or near 
the surface, audit is an easy matter to collect water from each zone, to analyse 
these samples and to determine their effect upon the growth of Eriophorum. 





Potassium 



Calcium 

and sodium 

Eriophorum 

pU 

p.p. mill. 

p.p. mill. 

Bog water 

4-5 

10 

11 

Fen water 

5-8 

34 

14 


Both the solutions were peaty, the fen water being of the light golden 
brown colour usually associated with oxidised peat. The bog water has never 
yet shown the presence of nitrates, but these are usually present in some quan- 
tity in the fen water. So far as the growth of Eriophorum is concerned, the 
calcium content of the bog water would appear to be rather below the best 
values as found in the laboratory experiments, while the fen water has a 
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calcium content that approaches that of some of the ‘'high calcium” solutions 
employed. The basic ratios are similar to those of some of our experiments, 
but rather lower than those usually employed, being about 1 for the bog 
water and about 0-4 for the fen. 

Using the usual laboratory procedures, a series of eight cultures of ten 
plants each was prepared and set up in the following conditions. (The bottles 
were embedded in peat surrounded by natural Enoj>horum on Austwick Moss.) 

1. Bog water unchanged. 

2. Bog water — pH raised to 5-8 with NaOH. 

3. Bog water — 25 p.p. mill, of calcium added (as calcium chloride). 

4. Bog water— 25 p.p. mill, of calcium added; pH raised to 5*8. 

5. Fen water unchanged. 

6. Fen water — 20 p.p. mill, of potassium added (as potassium chloride). 

7. Fen water — pH reduced to 4*6 with HCl. 

8. Fen water — 20 p.p. mill, of potassium added; pH reduced to 4*6. 

The nature of these alterations is obvious, alterations of pH value and 
calcium content first separately and then together, so that No. 4 solution is 
the bog water changed into fen water as far as calcium content and value 
are concerned. There is no feasible way of reducing the calcium content of 
the fen water, but its value and its basic ratio can be altered to resemble 
those of the bog, this being done first separately and then together. Un- 
fortunately, the plants in solutions 7 and 8 were nibbled by hares and the 
cuttings had to be replaced. The results are, therefore, not comparable with 
those of the cultures 1 to 6. The plants were left for twelve weeks, the cultures 
being changed every three weeks. At the end of the first three weeks, the 
cuttings (like the surrounding vegetation) were only just beginning to grow 
owing to the uniformly low temperatures (peat and solutions at 6® C. at mid- 
day). The weather changed immediately afterwards and it was very bright 
and hot for all the subsequent period. In spite of this, the soil and solution 
temperatures never exceeded 14® C. and were usually 11-13® C. 

The yields obtained, as percentages of the initial fresh weight, were: 

Table XIV. 

Series N. 


Solution 

Total dry 
weight 

Roots — dry 
weight 

Fresh weight 
Dry weight 

Remarks on roots 

1 

42-3 

41 

3’22 

Good 

2 

43-5 

4-45 

3-49 

Hairs and branches very marked (cf. 1) 

3 

41-5 

4-4 

3-30 

Hairs and branches marked 

4 

37-7 

3*55 

3*36 

Few hairs or branches 

6 

36-8 

40 

3-68 

Long; few hairs or branches 

e 

40*8 

5'3 

3-41 

Like 2 and 3 

7 

(331) 

(2-7) 

3-75 

Like 4 

8 

(38-5) 

(3-5) 

3-62 

Like 4; more branched than 7 


It appears from these figures that Eriophorum grows less successfully in 
the fen water than in the bog water, although the differences are not large. 
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The striking feature of the figures for yield is that altering the 'pR value and 
calcium content of the bog water to that of the fen water turns it, as far as 
Eriophorum growth is concerned, into a medium very similar to the fen water 
itself (cf. 4 and 5). The slight harmful effects of the fen water are overcome 
by the addition of potassium. The most noticeable feature of the appearance 
of the cultures was the striking difference in root appearance. The roots fall 
into three main types: 

{a) With approximately normal branch and hair development (1, 3 
and G). 

{b) With marked root hair development and very long branches (2). 

(c) With very short branches and few or limited hairs (4 and 5). 

When it is remembered that in our laboratory cultures (containing similar 
proportions of calcium) low branching and small root hair development was 
associated with high calcium and low basic ratios, these results assume par- 
ticular significance and they indicate that similar effects may be produced in 
natural soil solutions by the same factors. Since the calcium content of the 
bog water is slightly below the optimum, increasing the calcium absorption 
by raising the pH vahie should slightly improve the yield, as it did. Raising 
the calcium concentration to 35 p.p. mill, makes it just above the optimum 
and produces little alteration. The evidence, therefore, suggests that fen water 
is a less favourable medium for the growth of Eriophorum because of its less 
acid reaction, higher calcium content and lower basic ratio. 

No description of the natural habitat factors would be complete unless it 
included some attempt to outline the water relations under which the plants 
normally grow. The fresh weight/dry weight ratios given in the above table 
show that the water content of the plants is very low. The variations in this 
ratio are probably not significant except that they suggest rather higher values 
in the fen water, the reverse of what one would expect from the higher calcium 
content and low basic ratio. We can, however, directly compare the natural 
conditions with those of the laboratory, since control cultures were carried 
out over the same period in the laboratory (L) and on the moss (M). These 
cultures were in solutions of type D,pH 6, calcium content 12 or 48 p.p. mill, 
and basic ratios 1*5 and 0*6. (Similar cultures (series H) were carried on in 
the laboratory at pH 4*5 and pH 7-0). Nothing in these cultures requires 
consideration except their water relations. 

Table XV. 



No. of 

Average 
Fresh weight 

Solution 

S(‘ries 

plants 

Dry weight 

temp. 

H (greenhouHe; })W 4-5 and 7 

80 

4*34 

16-20" C. 

L (artificial solutions in greenhouse) 

40 

4-38 

16-20 

M (artificial solutions on moss) 

40 

412 

10-14 

N (natural solutions on moss) 

80 

3-48 

10-14 
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In the light of our previous discussion, it seems reasonable to attribute 
the smaller water content of the series M, as compared with series H and L, 
to the lower solution temperatures on the moss, although perhaps there may 
have been greater evaporation on the moss. This was not, however, clearly 
indicated by readings of wet and dry bulb thermometers and hence is not 
regarded as important. No such explanation will serve to explain the low 
water content of series N, which was growing within a few yards of series M 
and under precisely similar conditions. It is therefore probable that the peaty 
solutions used in series N exert some profound effect on the water relations of 
the plants. This supposition is borne out by the following facts. In early work 
on the reliability of methods, the fresh weight and dry weight of freshly 
gathered material, after preparation as cuttings, had been determined for 
plants from the usual source of our material, a moor above Guiseley, and also 
from a high level moss near Coniston. The fresh weight/dry weight ratios of 
these materials were respectively 3*52 ± 0-062 and 3*59 ± 0-071. The water 
content of the natural material was thus as low as that of the driest laboratory 
cultures. Further, another series of cultures, in natural solutions, was carried 
out on Austwick Moss in a very sheltered position, to see how high the water 
content could be raised. The maximum value obtained for the fresh weight/ 
dry weight ratio was 4-07, which is still low compared with most laboratory 
cultures, and much lower than the mean value of 4*80 for plants grown in 
culture solutions at the same time and place. Thatcher (30) has shown that 
peaty extracts increase the rate of transpiration in several species, and this 
observation offers a satisfactory explanation of the low water content of our 
natural cultures. It is possible that the toxic effect of peaty extracts, as demon- 
strated by Dachnowski (7), arises partly from the higher transpiration and 
consequent water shortage, caused by these extracts. The effects are due to 
some substance in solution and not to the hydrogen-ion concentration. While, 
as a whole, our cultures at pH 4-5 tend to show slightly lower water contents 
than those at pH 6 or 7, this effect is not significant in relation to the size of 
the probable errors, and it is negligible compared with that produced by the 
peaty extracts. Further, altering the pH value of peaty extracts does not 
necessarily alter the water content of the cuttings (cf. series N). 

Since the water content of the plants grown in natural solutions is as low 
as that of plants grown under our driest laboratory conditions, it seems 
justifiable to assume that the effects of calcium are correspondingly pronounced, 
for it was demonstrated in a previous section that these effects disappear as 
the physiological humidity of the environment increases. It is clear that this 
conclusion is of great importance, because otherwise plants growing in a very 
wet habitat would only show calcium effects to an insignificant extent, unless 
the calcium concentration of the soil solution was very liigh. 

A comparison of the culture series H, L, M and N serves to emphasise the 
point that the calcium and basic ratio effects become more pronounced as 
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water conditions become more severe. We do not wish to conduct the reader 
through all the details of the twenty-four cultures, since the crucial point will 
be clearer if reference is made only to the data summarised below. It suffices 
to say that the growth of the cuttings in these various cultures was very 
uniform (cf. p. 14). 

Taking the figures for ‘‘high calcium” we have: 

Fresh weigM ^ 

Root production* Dry weight ^ 


Series 

Calcium Solution 
p.p. mill. temp. ° C. 

pH 

High basic 
ratio 

Low basic 
ratio 

High basic 
ratio 

Low basic 
ratio 

H 

50 

17-20 

6-0 

5-5 

6-7 

4-26 

4*33 

M 

60 

10-14 

()0 

6-3 

4-0 

3-77 

3-76 

N 


10-14 

5-8 

5-3 (vi) 

4«0 (v) 

3-41 

3-6K 


* As percentage of initial fresh weight. 


A low basic ratio becomes proportionately more harmful as the water 
content of the cultures decreases, and in spite of the lower calcium content of 
the solution. A further comparison shows that ‘'low calcium” only produces 
a beneficial effect on water relations when these are intermediate as in series M. 


Fresh weigh t 
Dry weight 


of tops 


^ 


Series 

Calcium 
p.p. mill. 

High basic 
ratio 

Low basic 
ratio 

Average 
‘‘high calcium” 

H 

10 

410 

414 

4-30 

M 

10 

4-08 

4-19 

3-7() 

N 

10 

3-49 (ii) 


3-54 


The effect of calcium on the water relations tends to be obscured either in 
the wetter conditions of the greenhouse or the drier conditions induced by 
natural soil solutions. 

On the whole, these comparisons justify the conclusion that the effects 
observed in our cultural experiments fall into line wdth those observed in 
natural solutions, and it is now proposed to consider observations on the 
possible importance of these factors in nature. If these edaphic factors control 
the distribution of Eriophorum on such an area as Austwick Moss, then it 
ought to be possible to show that Molinia coerulea (dominant in the area called 
fern) will grow better in the fen water than Eriophorum and is not affected to 
the same extent by the higher _pH, lime content, etc. In addition, we have 
to consider the further evidence for the assumption that the higher effective 
calcium content of the fen water is the factor to which is due the less favourable 
growth of Eriophorum angustifolium in that medium. Three cultures of 
Eriophorum have been carried out: I (in series N), early summer (eight weeks) ; 
II, June to August, nine weeks; III, August to December. Molinia coerulea 
was grown in both bog and fen waters alongside series II for comparison. The 
data are as follows : 
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Table XVI. Comparison of effects of bog and fen waters. 



Total dry weight* 

Boot — dry weight* 

Fresh weight , 

7 ; , of green tops 

Dry weight ^ ^ 

Series 

Bog 

Fen 

Bog 

Fen 

Bog 

Fen 

1 

42-3 

358 

41 

40 

3-22t 

3-68 

IT 

45-8 

32-8 

512 

2*22 

405 

407 

III 

22-8 

22-5 

405 

30 

41G 

405 

Molinia 

32-6 

40- 1 

20*2 

27*5 

311 

3-30 


As percentage of initial fresh weight. 


t Probably low. 


It will be noticed from these figures that Erio'phorum, grows better in the 
bog water and Molinia in the fen water. Although both plants grow satis- 
factorily in either solution, the differences are, in our opinion, sufficient to 
account for the distribution of these plants on this moss, bearing in mind that 
the severity of these effects would be greatly enhanced in nature by competi- 
tion, and by the exposure to the edaphic differences over a long term of years. 
One or two points in the above table require further attention. In the figures 
for Eriofhomm total dry weight, there is no difference in culture III because 
the tops of these plants showed no growth at all, but simply dried up as is 
usual in the autumn. The roots, however, showed a significant difference. The 
small difference in root weight in spring (I) may indicate a seasonal difference. 
The striking difference in the roots lies, however, in their appearance, and this 
is constant in all cultures. The plants grown in bog water have longer and more 
branched roots with an abundance of hairs. Both branches and hairs are 
poorly developed in fen water. In culture II roots in bog water were 30-35 cm. 
in length, while in fen water they were only 9~12 cm. long. The root hairs in 
I and III were 2-3 mm. long in bog water, rare and hardly visible in fen water. 
The branches in bog water were 10 cm. or more in length. In fen water they 
were rarely much more than 1 cm. There seems to be little douT)t that these 
differences can be attributed in part, at least, to the higher effective calcium 
content of the fen water. There are indications also that this produces a dis- 
tinct drying effect on Eriophornm, In the later cultures, II and III, a large 
number of the leaves were partly or entirely dead. The dried portions were 
therefore removed and weighed separately. The fresh weight/dry weight ratios 
given, therefore, refer to the green leaves only in order to obtain results com- 
parable to those previously given. We can, however, get a comparison of the 
drying effects by comparing the dry weights of dead leaves with those of the 
green leaves. 

Similar estimates were not made in culture I because the drying was slight 
and only affected the tips of a few older leaves at most. 

These figures indicate a much greater proportion of dry leaves on the 
plants grown in fen water, and it may be suggested, in view of the earlier 
evidence, that this is probably due to the higher effective calcium content. 
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Ratio of leaves 

Green leaves Total increase in weight 

(dry weights) per week* 


Series 

Bog 

Fen 

Bog 

Fen 

1 

Slight 

Slight 

1*91 

M 

11 

0*313 

0*408 

2*09 

0*64 

111 

0*745 

0*795 

Loss 

Loss 


* As percentage of initial fresh weight. 


In culture III the autumnal decline is probably the dominant factor, in II this 
is beginning, in I it is naturally absent. It is of interest to note that when the 
drying of the leaves begins (II) the difference between the growth in bog and fen 
waters becomes more marked. This is quite in accordance with the conclusion 
(p. 20) that the calcium effect becomes more marked as the physiological 
dryness of the environment and plant increases. Since the plants in culture 
III made very little growth, marked difference in weight cannot be expected. 

THE COMPOSITION OF NATURAL SOLUTIONS IN WHICH HEATH 
AND MOOR PLANTS GROW 

In view of the difficulty in obtaining evidence as to the composition of the 
soil solution, evidence as to the effect of the calcium content and basic ratio 
of the natural media in which heath plants or moor plants like Eriophoru'm 
can grow has been confined to the following examples (Table XVII). These 
are analyses of the soil waters obtained by collecting it either from water- 
logged depressions or from pits sunk for the purpose. In only one case, the 
Coniston gravel delta, was the water level more than 25 cm. below the surface. 
Examples I to 5 in this table are analyses recently quoted by Graebner (10) 
and examples 6 and 7 have already been considered. Number 8 gives figures 
for the ground water of a dry gravel delta on Coniston Lake, the vegetation 
being an open colonising community of Deschampsia Jlexuosa, Agrostis vulgaris, 
witli Betula pubescens and some willows {Salix cinerea and S. aurita). No. 9 
is for water below a patch of coarse sand in the delta at the head of Ennerdale 
Lake, in which Eriophorum angustifolium was abundant. No. 10, the Ulls- 
water sample, is from below a gravel delta bearing an ash- willow wood, and 
No, 11 (Bassenth Waite) from below sandy alluvium covered with rich alluvial 
pasture. None of these last four habitats showed any appreciable peaty 
matter, the waters were all saturated with oxygen, and all possessed a similar 
but slight acidity. It seems permissible to argue that the mineral matters 
present in these cases are the chief determinants of the character of the 
vegetation. It must, however, be pointed out that the more heathy and 
moory vegetation types occurred on soils deficient in nitrates and nitrites, 
since no reaction was given with the diphenylamine test in these cases. 

In this table, examples 2, 4, 6, 8 and 9 represent heathy types of vegetation. 
These, it will be seen, has^e low calcium content, 6-19-3 p.p. mill, and high 
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basic ratios, l‘3"0-77. The less heathy or moory types of vegetation occur in 
media of higher calcium content, more than 27 p.p. mill., and lower basic 
ratios, 0*65 to 0-06. Most of these samples have also a higher pfi value, which 
would make the effective calcium concentration much higher. We think it 
evident that our experimental results deal with calcium concentrations of a 
range in which the dividing lines between moorland and non-heathy types of 
vegetation occur in nature. These results seem, therefore, to be directly 
applicable to the natural conditions. 


Table XVII. Analyses of soil waters {parts per million). 









K+Na 


No. 

Habitat 

fv 

-f 

Na 

Ca 

Mg 

Ca 

pH 

1 

Moadow-moor 

1-4 


8-2 

150 

5 

O'OG 

— 

2 

Heatli 

1*4 


G*d 

9(> 

1-2 

0*82 

— 

:j 

Moadow-iii()f)r 

2-2 


7-4 

20-7 

3-5 

0*32 

— 

4 

Kriophorelum 

2.7 


12 a 


41 

0-77 

■- 

f) 

ArimiUncturn 

4-5 


1.7(> 

:io-8 

01 

0-05 

— 

e 

Erio2)hr)retutH* 


il 


10 

__ 

MO 

4'.7 

7 

Molinielwm 


14 


34 


0-41 

5-S 

S 

De^Hcharn'psia-AqnMls^ 


S-o 


11 

— 

0-77 

(>•2 


JiJriojifiorum* 


H 


(i 

— 

1*33 

07 

JO 

Fnixinys-SaiLv 


” 


31 

— 

0-22 

(v2 

il 

Alluvial ])aature 


14 


27 

— 

0«52 

()•(> 


* Nitrates and nitrites al)sent. 

THE PH()Jn.E]VI OF CALCIFIJGE HABIT IN THE LIGHT OF 
THE EXPERIMENTAL RESULTS 


It is now possible to consider briefly the general problem presented by 
'‘calcifuge*’ species, in terms of our experimental data. It is true that these 
refer chiefly to bog species like Eriophorum as contrasted with Molinia. On 
the other hand, plants of drier soils, like Deschampsiaflexuosa, show somewhat 
similar behaviour, and Nardus strict a may also resemble E'nopAomm. Coulon (6) 
has shown that this species develops in normal culture solutions rapidly at 
pH 4*G5, but with difficulty at pH 602, possibly because it absorbs too much 
calcium at the higher pH value, for, in addition, this author finds that Pfeffer’s 
solution at pH 4-5 contains too much calcium for normal growth. The culture 
media employed by Rayner (22) for Calluna contained 117 p.p. mill, of calcium 
and had a high proportion of potassium and sodium to calcium (1*70). Since 
the solutions were apparently not changed in these experiments, the calcium 
content would be effectively very much less than the actual concentration 
named, since the calcium would be rapidly used up from the small quantities 
of medium employed. To the low effective calcium concentration and the high 
basic ratio the success of these culture media may be in part attributed. The 
large amount of work on Sphagnum (cf . Skene, 28) also shows many points of 
agreement with conclusions for Eriophorum, It may thus be possible to regard 
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the present work as having a wider application to the general problem of the 
calcifuge habit. 

No attempt will be made to consider three very definite aspects of this 
general problem which have not arisen in our cultures. It is clear that in the 
case of Calluna (and probably other Ericaceae) the effect of calcareous soils 
upon the endophytic fungi of the root is of the greatest importance, as is 
shown in a long series of studies by Rayner (21, 22, 23). It isr equally well 
known that highly calcareous media cause chlorosis in many species, and in 
all probability this physiological effect would suffice to restrict the species to 
less calcareous media. Lastly, both Christ (3) and Tansley (29) have empha- 
sised the importance of competition as a factor in determining whether a given 
species is calcifuge or calcicole, for in the absence of competition a species may 
be able to grow quite well on either type of soil. A parallel case in our cultures 
is probably that of Eriophorum and Molinia in fen and bog waters, in which 
each species did well, although in nature Eriophorum, was confined to the bog 
water and Molinia to the/en. 

Reverting, therefore, to the particular case under consideration in this 
paper, we have to enquire whether the plants of normal or calcareous soils 
differ in their calcium requirements from the plants of the moorland type. 
The following data for the two species, Eriophorum, angustifolium and Hordeum 
distichum, serve to indicate that the latter species has in water cultures a 
higher calcium requirement when the two species are grown side by side for 
twelve weeks in the same series of solution. 


Basic ratio 

1-5 

0-5 

1-5 

0*5 

Calcium p.p. mill. 

12 

12 

48 

48 

Solutions D, pH 0-5 

I 

11 

HI 

IV 

Eriophorum cuttings 

100 

01 

88 

70 

Barley seedlings 

44 

07 

100 

21 


(Ten plants in each case. Dry weight yield as percentage of the maximum.) 

Further, Brachypodium sylvaticum resembled barley in growing best in 
solution III of the above series, while Sesleria coerulea, a plant rigidly confined 
to calcareous soils in the north of England would only grow in solution III of 
this series and grew much better in solutions of still higher calcium concen- 
tration. At first sight, these factors would appear to lend support to the sup- 
position that the calcium concentration of the soil solution is normally the 
chief factor determining the distribution of these species to their characteristic 
soil types. The case is, however, more complex than it appears to be on a 
superficial examination. 


Solution D 


I 

II 

III 

IV 

Fresh weight ) 

Eriophorum 

410 

4-40 

4-42 

3-90 

Dry weight ) 

Hordeum 

8-3 

0-76 

0-70 

4*72 

Transpiration* 1 

Eriophorum 

Hordeum 

7-70 

12-3 

7-75 

12-4 

7-81 

15- 1 

7-95 

15-2 


* As c.c. per week per gm. of fresh weight. 
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As the transpiration data and fresh weight/dry weight ratios show, the water 
content of Hordeum is far more affected by the changed calcium concentrations 
than is the water content of Eriophorum, The drying effect of high calcium is, 
therefore, by no means confined to moorland plants (cf. also Reed (24) and 
Hansteen-Cranner (11)) and apparently it is not more pronounced in these 
plants than in those of more normal type. 

So far as the data will permit a conclusion, the position appears to be that 
the water relations will be optimum at different points in the case of diff'erent 
plants. Above these points, as shown in such series of cultures as those in the 
above table, the characteristic stunting of the roots is observed in Eriophomm, 
(2 spp.), Deschampsia Jlexuosa^ Hordeum distichum and Brachypodium sylva- 
ticum. These effects begin at lower effective calcium concentrations for Erio- 
phorum, and Deschampsia than they do for Hordeum and Brachypodium. It 
is clear, therefore, that in habitats of equal physical humidity, one of the 
important factors controlling optimum water conditions will be the effective 
calcium concentration of the rooting medium. 

It appears also to be probable that peaty moorland soils represen t a distinct 
series of habitats which cannot be directly compared with normal inorganic 
soils. The mineral content of the soil solution is extremely low, and the 
evidence suggests that the calcium effects may only become evident because 
of the low water content these soils induce in plants growing on them. We 
attach considerable importance to these generalisations because they seem to 
reconcile many of the difficulties which are evident in the older view of the 
calcicole and calcifuge habits. The particular soil type on which a species 
grows will, on the present view, be determined by the integration of a whole 
complex of factors, of which we can at least recognise two climatic factors 
— humidity and temperature — together with the physical dryness of the soil, 
its calcium content, basic ratio, pH value, temperature, and the character and 
quantity of its organic matter. The determinmg factor may, therefore, in any 
one case, be either climatic, or the physical character of the soil or its chemical 
character, and there is no fundamental disharmony between these groups of 
factors. Salisbury (26) has given an excellent summary of the way in which 
the distribution of beech {Fagus sylvatica) and of other species is affected by 
climate and soil characters. Without referring to this in detail, it may be said 
that the general sequence is that many species tend to be indifferent to calcium 
or to occur on siliceous soils in drier climates, while they may be rigidly 
calcicole in tnoister climates. Similarly, Wheldon and Wilson (33) point out that 
a far larger number of species occur on calcareous soils in the humid climate 
of West Lancashire than are found on corresponding soils in the drier climate 
of Yorkshire. On the basis of our results, calcium sensitive species should be 
able to withstand higher concentrations of calcium in the more humid climate. 
It is well known that there are in this country a number of plants which may 
at times be found either on calcareous soils, on peat, or on dry siliceous soils 
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(e.g, TeMCfium scorodonia, Juniperus communis). Our results indicate that the 
common physiological character of these habitats would probably be their 
dryness. The effect of temperature is perhaps less clearly indicated in the litera- 
ture. Without first-hand acquaintance with the facts, we have gained the 
impression that the character of the soil plays a comparatively unimportant 
part in determining the distribution of vegetation in tropical regions, and, if 
correct, this would be in harmony with our observation that high temperature 
reduces the calcium effect. If, on the other hand, calcium effects are produced 
more easily at low temperatures in calcicole species as well as in Eriophorum, 
this would serve to explain the fact that calcicole species (e.g. Asplenium. 
viride) sometimes occur on siliceous rocks at high altitudes where mean tem- 
peratures are low (Lees, 13). 

Without enlarging further upon these similarities, which involve the as- 
sumption that the effects of calcium are similar in different species, we would 
point out that the problem of the calcifuge habit appears to resolve itself very 
largely, from the ecological point of view, into the question of how the external 
conditions affect the humidity of plants. From the physiological point of view, 
there arises also the question as to why the calcium effects (e.g. on root pro- 
duction) are more pronounced in some plants than in others. The evidence, 
although inconclusive, suggests that calcium affects chiefly the distribution 
and physical state of the fatty components of the tissues, as shown by the 
effects on transpiration and root structure. The greater sensitiveness of the 
heath plants to calcium might then be associated with the production of larger 
proportion of fatty material, which, as pointed out by Priestley and Hinch- 
liffe (18, 19), their structural features indicate. This point of view is, of course, 
open to the objection that plants with similar structural features may grow 
on normal or calcareous soils. The physiological peculiarities of moorland plants 
are also indicated by their ability to grow on soils of high hydrogen-ion con- 
centration and in media containing toxic peaty substances, either of which 
are toxic to the majority of plants. The general position, therefore, seems to 
be that the moorland plants possess an all-round ability to thrive under a 
variety of conditions which are separately unfavourable to the majority of 
normal plants. When these conditions, low calcium, high hydrogen-ion con- 
centration and peaty toxins, are present together, and often also, it must be 
remembered, in conjunction with nitrogen and oxygen deficiency and with 
low soil temperatures, the net result may well be to exclude every other type 
of plant on one or more grounds. It must be obvious, from these considerations 
and from the data in the earlier pages of this communication, that the problem 
of the calcifuge habit in plants is a question of extreme complexity. This, at 
any rate, is the impression which these investigations have implanted most 
deeply in the authors’ minds. 
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APPENDIX 

(COMPOSITION OF CULTURE SOLUTIONS 



Stock Solutions. 

Gm. per 

One c.c. 



litre 

contains 

1 

Calcium nitrate, Ca(N03)2.4H20 

120 

2 mgm. Ca 

2 

Potassium dihydrogen phosphate, KH2PO4 

140 

4 „ K 

3 

Magnesium sulphate, MgS04.7H20 

200 

2 „ Mg 

4 

Calcium sulphate, CaS04.2H20 

8*8 

2 „ Ca 

r> 

Calcium chloride, CaClg 

5*5 

2 „ Ca 

(i 

Potassium chloride, KCl 

7-5 

4 „ K 

7 

Perric phosphate 

Saturated 



'J'he culture Boliitiona were made up by taking the following numbers of (aibic centimetres of 
the stock solutions, making up to a litre with distilled water and adding three drops of the 
saturaUid ferric phosphate solution. 

Solutions A . 

1 11 


Calcium nitrate 


10 c.c. 

20 c.c. 



Potassium dihydrogen jihosphate 

15 

15 



Magnesium sulphate 


2 

2 



Potassium chloride 



15 




Solutions B, 






1 

11 


111 


Calcium nitrate 

5 c.c. 

5 c.( 


5 c.c. 


Ikitassium di hydrogen phosphate* 0 

.7 


5 


M agnesiu m sulphate 

1 

1 


i 


Calcium .sulphate 

— 

20 


!).7 



Solution (\ 





Calcium nitrate, .‘JOc.i;. ; potassium phosphate, 30 

c.c. ; magnesium sulphate, 4 e. 

c. 


Solutions I). 






1 

11 

in 


IV 

(Calcium nitrate 

(i 

(i 

(i 


v> 

P( )tassium diliydrogeii phosphate 

1.7 

1-5 

1 -5 


1 -5 

Magrie.sium sulphate 

.7 

5 

5 


.7 

Calcium chloride 

— 

— 

18 


18 

Potassium chloride 

3 

-- 

i(>-r> 


4'5 


Solutions E. 





Calcium nitrate 

10 

10 

20 


20 

Potassium dihydrogen phosphati* 

20 

10 

40 


20 

Magnesium sulphate 

2 

0 

•) 


■) 


Soiutio 7 i^s' F. 





Calcium nitrate, 7 c.c.; potassium phosphate, 8*5 c 

i.c. ; magnesium sulphate, 15 c.c. 


Solutions G. 





Calcium nitrate 

10 

10 

20 


20 

Potassium dihydrogen phosphate 

15 

30 

30 


60 

Magnesium sulphate 

2 

‘> 

2 


2 
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FAUNISTIC ECOLOGY OF SOME CARDIGANSHIRE 

STREAMS 

By KATHLEEN E. CARPENTER 

( With one Sketch-maj) in the Text,) 

SUMMARY OF CONTEOTS 

L The fauna of running waters, 'though studied in detail by some com 
tiiiental workers, has received little attention in Britain: the present study 
represents an attempt to summarise the ecological relationships prevailing 
in an area of some 150 square miles in West Wales, and to bring the results 
into line with the continental work. The main characteristics of the streams 
in this area are their origin, for the most part, in upland bogs, their consistent 
rapidity of flow, and the scanty proportion of dissolved materials, especially 
of lime, in their waters. 

II. An outline scheme for classification of the faunal types is proposed: 
this, owing to the wide range of variation in physical conditions, is based upon 
ecological type rather than upon determination of dominant species. The first 
grade in classification is taken as the “ Biosynoecium ” {sensu Enderlein); 
within each biosynoecium the ‘'animal associations’’ are described as follows: 

A. The surface-film association. 

B. The free-swimming association of the middle waters. 

C. The limnophilous association. 

D. The phytophilous association. 

E. The lithophilous association. 

III. The running waters of the Cardiganshire area are classified as follows : 

A. Moorland waters of the high plateau: 

A 1. Eaux sauvages. 

A 2. Swamp-streams. 

A 3. Cascade-reaches. 

B. Waters of the lower coastal area: 

B 1. Short streams, mainly spring-brooks confined to this section. 

B 2. Lower courses of longer rivers, rising in the plateau-bogs. 

(а) Gorge-sections. 

(б) Lower plain-sections. 

The characteristic animal-associations are enumerated. 

IV. Comparison of lists of species shows that there is little variation in 
type between highland and lowland reaches, beyond that which is directly 
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dependent upon topographical factors: the streams remain 'Horrential” in 
character almost to sea-level, and species established as stenothermous post- 
Glacial relicts occur in general throughout their courses. The distribution of 
Planarian species is peculiarly interesting in this connection. Planaria 
albissima Vejd., a species not elsewhere recorded from Britain, is widely 
distributed throughout the area. 

I. THE FIELD OF INVESTIGATION 

The study of the macroscopic fauna of Cardiganshire trout-streams was first 
undertaken as accompaniment and background to the writer’s investigation 
of the problems of mineral pollution in this county : it has since been carried 
further, and some attempt has been made to classify the animal communities 
on an ecological scheme. The Cardiganshire area itself has been very little 
worked by collectors, but in any case there seems to be a singular dearth of 
British studies dealing with the fauna of running waters. Public attention has 
recently been called (see Nature, June to December, 1924) to the need for 
‘‘fundamental studies” on this topic, but the writer has found no British 
work available for comparison. Shelford’s work on Animal Communities in 
Temperate includes a valuable chapter on “the animal communities 

of streams,” but the only considerable body of literature on the subject is 
formed by the scattered papers of continental workers on the fauna of streams 
of the highlands of Central and Northern Europe, published mainly in the 
International Review of Hydrohiology and Hydrography (Leipzig), Archiv fur 
Hydrobiologie (Stuttgart) and Annates de Biologie Lacustre (Bruxelles), and 
dealing principally with the fauna of mountain-brooks of “torrential” 
character. With these, the Cardiganshire streams in certain of their reaches 
may aptly be compared: although the elevation is not great (the highest point, 
in the east of the county, is 2468 ft. or 752 m.), the steep slope of the ground 
and the rocky substratum give to many of the streams a torrential character ; 
but one salient feature of the majority of the streams is their origin from 
stretches of peat-bog in the uplands, and another the variety of ecological 
types to be met with at close quarters. 

The area is flanked on the east by the Plynlimon plateau, while on the 
west cliffs of 200 ft. and upwards descend steeply to the sea. There is a great 
sameness of geological structure, the rocks being mainly Silurian grits and 
shales, save where anticlinal folding and faulting bring up older Ordovician 
strata in the eastern region: the rocks weather to a thin, light soil which is 
notoriously deficient in lime. There is a somewhat abrupt transition, corre- 
sponding pretty well with the outcrop of the older rocks, between the lower, 
or coastal plateau (elevation about 400 to 900 ft.) and the “high plateau” 
or Plynlimon region of the east: this latter is a plateau well dissected by the 
valleys of streams which draw their head waters from the peat-bogs and whose 
main courses are east to west down the slope facing the sea and fronting the 
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prevalent west and south-west winds. There is no coastal plain, properly 
speaking ; any level land lies in ribbon-like strips along the valleys of the main 
rivers, and its extent, though still small, owes increase to the glacial action 
which has gouged out these valleys and thinly carpeted them with boulder- 
clay. The latter, though certainly the most productive soil of the neighbour- 
hood, is derived from rocks of the neighbouring uplands, and this brings no 
considerable addition of true “clay” or lime. 

The climate, on the whole, is equable, though considerably colder on the 
plateau, where snow, a rare phenomenon nearer the coast, may lie for days 
together in winter. The abundant rainfall (46-49 ins. at Aberystwyth, 65-2 ins. 
at Devil’s Bridge, on the edge of the high plateau) provides an ample supply 
of water : the streams are thus numerous and usually rapid in flow throughout 
their courses : some of them have developed rocky gorges in their middle sec- 
tions, which either mark the base of a sudden change of level or coincide with 
lines of faulting in the rocks. The geologically recent subsidence of the coastal 
plain has had the effect of almost completely eliminating the usual phases of 
slackened flow and sedimentary deposition which mark the lowest section of 
a normal river-valley. Some deposition takes place here, it is true, but it is 
almost entirely that of rough grit, pebbles and boulders, which in flood times 
form fresh banks, between which the river runs its shifting course, and only 
here and there the old fluvio-glacial clays of the lower valleys contribute a 
certain amount of really finely divided material. 

The rapid flow and frequency of cascades keep the waters thoroughly well 
oxygenated, and they are throughout remarkably free from dissolved solids. 
Analyses of water from the lower reaches of two of the streams showed the 
total solid content in grains per gallon to be 3-36 in the one case, 2-80 in the 
other, with sodium chloride 1-32 and 1-89 respectively: there is practically 
no organic matter in solution as a rule, though some of the plateau w'aters 
have a faint brown peat-coloration. The hardness is usually 1 (one), and the 
reaction slightly acid (joH 5-8 to 6*0 in the bog-streams to jiH, 6-8 in purely 
lowland brooks) ; the lime content is small. Two samples, one from a stony 
plateau brook of j)K 6-2, the other from a lowland brook of pH 6-8 in February, 
were found to contain lime as follows: 

CaO equivalent 2-52 mg. per litre in the plateau brook 
„ ,, 11-62 ,, „ ,, lowland brook 

These figures, selected as the highest obtainable from brooks of their 
respective types, even so, are low as compared with those quoted from other 
districts. The total dissolved solids in the Sauerland brooks of Westphalia, as 
ascertained by Thienemann ( 1 ), varied up to 116-2 mg. per litre, and CaO up 
to 40*4 mg. per litre, while in Riigen (2) the same worker found total solids up 
to 484, CaO up to 145 mg. per litre, in solution. 
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11. ECOLOGICAL CLASSIFICATION 

Thienemann, in his study of the brooks of the Sauerland (1), divides the 
course of a typical hillcountry stream into three biocoenotic regions : 

(а) the springs and spring-brooks, 

(б) the trout-beck, and 

(c) the region of dominance of Cyprinidae, where the current is less rapid 
and muddy and weed-grown reaches abound. 

To this standard type the mid-Cardiganshire streams do not wholly con- 
form: the majority of them originate from peat-bogs, and, once established 
as trout-streams, remain through practically the whole length of the course 
in this latter class, the peaceful Cyprin id-dominated reaches being conspicu- 
ously absent, though there is in the lower courses a certain alternation of rapid 
and quieter sections. These peculiarities, while dictating an immediate classi- 
fication into (a) moorland waters of the high plateau, and (b) waters of the 
coastal region, at the same time involve a degree of variation in ecological 
type at short range which renders further classification a matter of some 
difficulty, especially as no universal system of nomenclature for use in fresh- 
water ecological studies has yet been evolved. Shelford, in his study of 
“animal communities” (3), introduces a whole series of grades of classifica- 
tion — mores, consocies, stratum, association, formation, . . . , but in his outline 
sketch of stream communities uses all but one of these terms at the same 
level of classification — an instance of the difficulties of exact delimitation in 
such work. Thienemann and other continental workers, treating of the larger 
habitat groups as “biotopes” or “ biosynoecia ” ((4) and (5), (6) and (7)), 
proceed directly to the consideration of lists of species, grouped according to 
the typical situation in which each occurs. For the purposes of the present 
study, it seems well, while avoiding a rigid scheme of classification to which 
it is impossible strictly to adhere, to regularise the terminology in some slight 
degree in the combined interests of brevity and clearness. The use of the 
obvious term “community,” as indicating a group of animals found together 
in a characteristic situation, will be avoided, this term being inevitably asso- 
ciated with its classical use by Petersen in descriptions based upon quantitative 
investigation of the fauna of the sea-bottom. Petersen himself remarks ( 8 ) 
that “strange as it may seem, there does not exist any survey of the animal 
communities upon land based upon quantitative investigations of the com- 
moner species”: the fact is equally true as regards running waters, and here 
at least it is not so strange as it may appear, since the conditions in streams 
may vary so greatly within a short radius that faimistic study must perforce 
take as its unit the area characterised by a particular set of topographical 
factors, and will thus be based upon ecological type rather than upon the 
determination of dominant species. The first grade in classification will thus 
be taken as the ^'biosynoecium'' (sensu Enderlein (5)), within which will be 



38 Faunistic Ecology of some Cardiganshire Streams 

recognised various associations,^^ each made up of the animals found in a 
certain characteristic situation, e.g. at the water surface, on the bottom-mud, 
on stones, etc. Within each type of association’’ there may exist several 
types of habit, an outline of which follows here. 

A. The Surface Film Association. 

This comprises two main types: (1) the “surface-skimmers,” of predaceous 
habit, with light bodies and spreading limbs, which dart actively about the 
surface-film in pursuit of food, exemplified by Velia currens and Gerris lacustris 
(Water-Crickets, Water Measurers), and (2) very small, light-bodied forms which 
hang downward from the surface-film and are usually microphagous in habit, 
e.g. some Dipteran larvae, as Stratiomys. 

Both these groups are important only in calm waters, since the streaming 
of a definite current naturally does not encourage the development of either 
plankton or surface-film associations. In backwaters and calm eddies the 
surface-skimming Hemiptera may, however, be quite numerous. 

B. The Free-swimming Association op the Middle Waters. 

This includes carnivorous types such as Fishes, Dytiscid Beetles and some 
Hemiptera (especially Corixidae): most of them are limited to backwaters and 
calm reaches, but some stream-fishes, especially trout, are found in the current 
itself, in virtue of their muscular force and positive rheotaxy. 

C. The Limnophilous Association. 

Members of this group (constituting the true “bottom fauna”) lie buried 
in the bottom deposit or crawl upon its surface : they are best represented in 
quiet reaches of rivers, where fine mud can accumulate, and they exhibit 
considerable divergence of type. (1) The mud-burrowing habit is characteristic 
of sluggish microphages, such as the little bivalve Pisidium,, the Oligochaete 
Tuhifex, a few Ephemerids (Siphlonurus), Sialis larvae, and Dipteran larvae 
of the ChironomMS and Tanytarsus types, but a few highly predaceous species, 
such as the larva of Cordulegaster (Odonata), also adopt it by way of ambuscade. 
(2) More usually, predaceous limnophiles crawl upon the mud-surface, as 
leeches and some Hydrarachnida, larvae of Dytiscus and many Agrionidae, and 
some vegetarians, such as Limnaea truncatula and L. pereger, may also adopt 
this habit. Some Ostracoda are limnophiles, but very few of them occur in 
running water. (3) A few types, Tabanid larvae in particular, are character- 
istically found in sand or gravel, but, as a rule, such situations are almost 
barren. 

D. The Phytophilous Association. 

Three classes of plants are important in running water: the Bryophyta, 
commonly found encrusting stones in rapid streams, the Algae, most charac- 
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teristic of backwaters, and the aquatic Phanerogams, which are only abundant 
in calm waters where there is mud for their rooting. 

(1) The fauna of the Phanerogam tufts consists mainly of vegetarian types, 
and especially larvae of the Limnophilidae, which depend upon the plant- 
growth for food, support and often for material for the construction of their 
protective cases. Some small Crustacea, especially Canthocamptus, are particu- 
larly associated with Phanerogamic plant-growth, and even such a carnivorous 
type as Polycelis nigra must rank as a phytophile, since by day, at any rate, it 
is usually to be found crawling over water-weeds. On the other hand, the 
vegetarian, Limnaea pereger, ranks in this scheme as a limnophile, being most 
usually found on the bottom mud, although it may climb up the water-plants 
to deposit its eggs (in many small brooks the egg-masses are found on the mud 
or even on stones); and Ancylus Jiuviatilis, also a vegetarian, is a lithophile, 
resting on the surface of stones. 

Certain small beetles, while free-swimming in habit, are so constantly found 
round about the tufts of Phanerogams as perhaps to deserve mention here: 
species of Hydroporus^ Platarnbus and Helophorus frequently occur in this way. 

(2) The slimy filamentous Algae {Spirogyra, Zygnerna, etc.) of the back- 
waters do not afford convenient shelter for a rich fauna— a few types, however, 
are particularly associated with them in occurrence. Among these, small Hydro- 
philid beetles (especially Hydraena) are frequent, and most characteristic are 
a few Trichopteran larvae of the Polycentropidae, such as Plectrocnemia con- 
spersa, which shelter in a tangle of silken threads among the filaments. 

(3) The Bryophyta of the rapid reaches are highly important as giving 
shelter to a rich fauna of very varied types. Most conspicuous are perhaps the 
Crustacea Gammarus pulex and Asellus aquaticus^ the former usually found 
among submerged mosses (Fontinalis)^ the latter among encrusting liverworts 
such as Fegatella; Parnid beetles {Elmis, etc.) are particularly abundant in the 
Bryophyte growth, and other Coleoptera such as Hydraena, Anacaena, Agahus, 
commonly shelter here; this is the best hunting ground for water-mites, 
several Dipteran larvae (of Orthocladius, Pericoma, especially) frequent it, and 
it is a general resting-place for young larvae of several other insect-groups 
(Ephemeridae, Perlidae and Trichoptera) which in their later stages rank as 
‘‘lithophiles.” Stone-fly larvae of the genera Nemura, Leuctra and Nephelo- 
pteryx prefer the shelter of the Bryophytes throughout their aquatic life. 
Steinmann (9) has called attention to the frequent occurrence of strongly- 
curved or hook-like spinous processes on the limbs of the typical Bryophyte- 
dwellers, which serve to anchor them against the streaming of the rapid 
current sweeping past the stones. 

E. The Lithophilous Association. 

These animals, associated with the neighbourhood of rock or stone, occur 
in greatest numbers in the swift reaches of a young stream, where they form 
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the dominant group, and many of the lithophilous species are numbered in 
Steinmann’s list of “echte Bachtiere” ( 9 ), peculiar to rapidly flowing waters, 
stenothermous at low temperatures, and probably relicts of the Glacial Period, 
surviving in scattered highland brooks, as distinguished from the more cosmo- 
politan ‘‘eurythermous” types (including many limnophiles, phytophiles, etc.) 
which have a wide distribution in slow and rapid streams and even sometimes 
in standing waters. Certain types of lithophile, however, may be found eveh 
in quiet lowland reaches where small stony patches occur. Three main types 
of lithophilous habit may be distinguished, as follows : 

(1) The stone-clingers, among which larvae of most Plecoptera and many 
Ephemeridae are numbered, are typical current-dwellers, and show many 
beautiful adaptations to this habit ( 10 ). A particularly good example found 
in Cardiganshire streams is the larva of the Ephemerid Ecdyurus lateralis, 
which is common in cascades and rapids. The body is strongly flattened dorsi- 
ventrally, and roughly wedge-shaped, tapering from the broadly-elliptical, 
depressed head to the last abdominal segments, whose three caudal filaments 
are long and slender and spread closely along the stone to which the whole 
body is pressed. The animal clings firmly by its three pairs of thoracic legs, 
themselves markedly flattened in the general plane, and spread radially like 
the hooks of a grapnel — so firmly that even when the stone is lifted from the 
water, the animal is with difficulty dislodged, and in the natural situation it 
seems able to endure the force of the swiftest current. This type of dorsi- 
ventral flattening, associated with the stone-clinging habit, and coupled with 
the reduction of fringing hairs or leaf-like projecting gills, is seen, though in 
some cases less perfectly developed, in several other Ephemerids and some 
Plecopteran larvae commonly found in rapid streams. 

A stone-clinger of quite another type, though equally successful in a similar 
environment, is Ancylus fluviatilis, the freshwater limpet, which is particularly 
common on the upper surfaces of stones in small cascades and rapids. The 
conical shell is kept closely drawn down to the level of the stone, to which the 
animal firmly adheres by its flattened sole-like foot, the intimate contact of 
the two moist surfaces effectively resisting forces of dislodgment. A similar 
sucker-like mode of adhesion is adopted by the microphagous larvae of the 
Dipteran Simulium> (Melusina), which, adhering to stones by the flattened 
posterior portion of the body, allow the head region to stream out on the 
swift current without risk of being swept away : these larvae, in moving from 
place to place, guide and steady themselves by hooking the “prothoracic 
claws” over the threads of a labyrinth which they spin over stones and 
weeds ( 11 ). &ome leechm (Glossiphonia and Haemopsis), though often found 
on the mud-surface, inay rank also as stone-clingers, adhering by their suckers, 
and depositing their eggs in capsules glued to the stones. As stone-clingers 
also, though of still another type, might be classed the larvae of Ehyacophilidae, 
which, freely moving in the larval phase, build roomy pupa-cases of small 
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pebbles, and glue them firmly down to the stone-surface in regions of swift 
current; but such species must, perhaps, rather be placed with regard to their 
usual mode of life, in the second group of lithophiles. 

(2) Stone-shelterers. Many Trichopteran larvae (e.g. Agapetus, Mesophylax, 
Apatania) use small pebbles to build portable larval-cases which are large and 
heavy relatively to the size of the larva, and which doubtless serve as ballast ” 
to prevent sweeping away by the current, a danger which is also minimised 
by the habit of creeping into chinks between larger stones. Some few (e.g. 
Silo, Goera) add further ballast by lateral attachments of larger flattened 
pebbles. The pupa-cases of such types are usually fixed to stones. 

Hydropsyche, sheltering in a crevice, weaves a snare of silken secretion 
which, spread in the path of the current, catches small food-particles and 
relieves the builder of the necessity to wander in exposed places. 

(3) Hygropetrical types, the third class of lithophiles, are usually small- 
bodied forms which crawl in the water-film against the lower surfaces of stones. 
Perhaps the most interesting of these are the Turbellaria Tricladida, of which 
several species are confined to running waters, and two (Planaria alpina and 
Polycelis cornuta) are considered as classic examples of the post-glacial relict 
population of highland brooks. All are carnivorous, and markedly light-shy, 
sheltering under stones by day, and at night preying upon Insect-larvae, 
worms, etc. The most numerous of hygropetrical forms are larvae of certain 
species of Diptera (e.g. Dixa spp.), worm-like in shape and small in bulk, 
which wriggle against the stone-surface by pusliing head and tail against it 
alternately, and feed by ciliary currents. Many of these types are found in 
calm reaches as well as in the swift current. 

HI. FAUNISTIC ECX)L()GY 
Note on Identification of Species. 

Since so large a proportion of the fauna of running waters is composed of 
tlie larvae of Insects, accurate identification of species is a matter of consider- 
able difficulty. Many of the larvae of Diptera, especially, have not been 
described even by genera, far less by species; in such cases the method adopted 
wherever possible was to breed out and identify the adults. Where this was 
not possible, the larvae were classed as nearly as could be achieved, sometimes 
into genera, occasionally only into some generic group. For their assistance 
in the work of identification, my grateful acknowledgments are due to the 
following: Mr J. R. le B. Tomlin and Mr F. Balfour-Browne (Coleoptera), 
Mr F. W. Edwards and Mr T. E. Collin (Diptera), Mr K. G. Blair (Ephemerida 
and Plecoptera), Mr C. G. Robson (Mollusca), Mr C. D, Soar (Hydracarina), 
and Mr H. Whitehead (Turbellaria Tricladida). 
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A. Moorland Waters op the High Plateau. 

In the upper part of the plateau and between the shoulders of the hills are 
extensive peat-bogs where pools of acid moorland water (usually pH 6‘8-6*0) 
lie in the hollows, and small wandering streams take origin, later to collect on 
the steeper slopes into true moorland brooks. These '‘eaux sauvages,” fringed 
by Lycopodium^ heaths and Carex^ and floored by peaty deposits and Sphag- 
num, lead almost insensibly on to the upper courses of the brooks, the chief 
distinction being that of gradient and consequent rate of flow ; still the dis- 
tinction is sufficient to necessitate a separate consideration of the two. As a 
rule, the streams leading directly from the peat-bog-divides flow rapidly along 
narrow channels which, though flanked by marshy ground overgrown with 
sedges, are yet clearly marked off by the swiftness of the stream, which bears 
with it vegetable-debris from the bogs. A later section of the same stream, 
reaching the steep slope near the plateau’s edge, will fall into a series of cascades 
over the rocks which are there exposed. There are thus three definite types of 
running water in the high plateau — the eaux sauvages, the swamp-stream, and 
the cascade-reach — each with its appropriate fauna. 

A 1. Biosynoecium of the eaux sauvages. 

The true aquatic fauna is very scanty here : lithophilous types are absent 
for lack of stone-surface, the plant-growth is not of a type to afford shelter 
to a rich variety of phytophiles, nor is the peaty debris of the bottom an attrac- 
tive resting-place : such few types as do occur are mainly limnophiles or surface- 
skimmers, but a very interesting “free-swimmer” is the web-footed Newt 
(Triton palrnatus), which seems confined to the high levels in this district. 

The characteristic species are as follows : 

Limnophilous and hygropetrical associations. 

Stylaria lacustris (Oligochaeta) Orphnephila testacea (Diptera — larval) 

Cypris virens (Ostracoda) Ohirononius sp. (Diptera — larval) 

vSiphlonurus arnatiis (Ephemerida — larval) 

Surface-film association. 

Gerris gibbifera (Hemiptera) Gyrinus natator (Coleoptera) 

Isotomurus palustris (Collembola) Culicidae spp. (Diptera — larval and pupal) 

Free-s wimmers . 

Hydroporus pubescens (Coleoptera) Triton palmatus (Amphibia) 

A 2. Biosynoecium of the swamp-stream, s. 

This is very similar in basic type to A 1, but much richer in species, by the 
addition of many types which thrive in a more rapid current: Triton palmatus 
is not found here. 
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Characteristic Limnophiles are; 

Tubifex tubifex (Oligochaeta) 

Stviaria lacustris (Oligochaeta) 

Ei.nido medicinalie (Hinidinea) 

Haemopis sanguisuga (Hinidinea) 
Herpobdella octoculata (Hinidinea) 
Siphlonunis lacustris (Ephomerida — larval) 
S. armatus (Epheinerida — larval) 


Nemura standfussi (Plecoptera — larval) 
Ischnura elegans (Odonata — larval) 
Chironomus sp . ; plumosus group ( Diptera — 
larval) 

Tanypus nebulosus (Diptera — larval) 
Limnaea pereger (Mollusca — rare) 


Ph3rtophiles, found on and about the projecting strands of sedges which 
swing out with the current, are : 


Podura aquatica (Collembola) 

Polycelis nigra (TricJadida) 

Planaria albissima (Tricladida) 

Simulium rcptans (Diptera — larval) 

Anabolia nervosa (Trichoptera — larval) 
*Lirnnophilu8 bipunctatus (Trichoptera — larval) 


♦Mesophylax impunctatus (Triclioptera — 
larval) 

Eurycercus larnellatiis (Cladocera) 
Cyclops sernilatus (Copepoda) 

C. fuscus (Copepoda) 

Anacaena globulus (Coleoptera) 


I * * The species indicated, though vegetarians, require small pebbles for the 
construction of larval and pupal cases, and hence are only found where at 
least a few such occur — not in the very highest reaches of the bog-streams. ] 
Free-swimmers, wliich in this case rank almost as phytophiles, are a few 
Coleoptera only, and these usually of small size: quite frequent are: 

Hydroponi8 obscurus Agabus paludosus 

H. j)ube8ccna A. chalconotus 

H. rivaliH 

Larvae and pupae of Culicidae also occur. 

Surface-skaters are: 

Gerris gibbif(?ra (Hcmiptera) Isotomunis paluatris (Collembola) 

Volia currena (Hcmiptera) 


A 3. Biosynocciiim of the cascade reaches. 

Where the stream splashes from step to step of a rocky bed, strewn with 
detached boulders, there can be little accumulation of mud, and the successful 
types are mainly stone-clingers and hygropetrical forms; to the sides of the 
main current or at the foot of a cascade are often quieter waters where a few 
free-swimmers may be found, and a scanty growth of encrusting Liverworts 
or filamentous Algae may shelter a variety of animal-species. 

The Lithophilous association is distinctly dominant, and characteristic 
species are as follows : 

Ecdyimis latemlis (Ephemerida) 

Baetis vemus (Ephemerida) 

Isogenus sp. (Plecoptera) 

Nephelopteryx sp. (Plecoptera) 

Leuctra incmiia (Plecoptera) 

Dixa maculata (Diptera) 

Simulium latipes (Diptera) 

while Planaria albissima (Tricladida) and Orphnephila testacea (Diptera — 1) 
are characteristically ‘‘hygropetricaL’ types. 

Planaria alpina is also found in some of these streams. 


libyacophila obliterata (Trichoptera) 
Agapetus fuscipes (Trichoptera) 

Silo nigricomis (Trichoptera) 

Apatania fimbriata (Trichoptera) 
Hydropsyche angiistitMjrmis (Trichoptera) 
Ancylus liuviatilis (Mollusca) — (rare) 
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Phytophiles and free-swimming 8emi-ph3rtop]iile8 are: 

{a) Associated with Algal growth : 

Plectroonemia conspersa (Trichoptora) Halesus digitatug (Triohoptera) 

Cymus insolutug (Triohoptera) Agabus bipustulatus (Coleoptera) 

(h) Associated with Bryophytes, or free in the water: 

Tanypus nebulosus (Diptera) Elmis aeneus (Coleoptera) 

Limnophilus decipiens (Triohoptera) Coiixa limitata (Hemiptera) — (rare) 

Hydroporus Bavisii (Coleoptera) Asellus aquations (Isopoda) 

Limnebius truncatellus (Coleoptera) 

Of true free-swimmers, only two species of fishes occur: the brown trout 
(Sahno fario var. cambrensis) is very common in these upland streams, and 
the minnow (Leuciscus phoxinus) occurs in a few of them. 

B. Streams of the Coastal Region. 

These may be conveniently divided into: 

1. Shorter streams, rising below the edge of the high plateau. 

2. Lower courses of longer rivers, which rise in the plateau- bogs. 

The distinction is more than one of mere length: in the first place, the 
waters of the short streams are rather less acid than those of the longer rivers 
(pH round about 6*8 instead of 6*4), and, in the second, the former are far less 
subject to sudden flooding than those deriving from the true uplands, so that 
their valleys are not covered by gravel flood-deposits but expose the strata 
of the solid rock, or, in many places, its carpet of glacial and fluvio-glacial 
deposits. 

B 1 . The short streams. 

The ‘‘spring brooks ’ are, on the whole, rather of the rheocrene type, i.e. 
rapid streams with stony courses, loose boulders, and vegetation predominantly 
Bryophytic, but some, at any rate, verge upon the limnocrene, where they 
flow in deep glaciated valleys with well-marked clayey deposits: this latter 
type is particularly noticeable in the brooks of the Clarach system, which runs 
through a fine glaciated valley westward to the sea. In such cases the litho- 
philous association, usually dominant, gives place to a group of limnophilous 
types and of phytophiles which are associated with the presence of such rooted 
Phanerogams as CalUtriche verna. Ranunculus aquatilis and Veronica becca- 
bunga. 

These weedy masses shelter a large phytophilous association which in some 
respects strongly resembles that of the low ponds, but differs from the latter 
in the abundance of Caddis larvae. These always cluster particularly around 
the CalUtriche clumps, which seem to afford better shelter than the Ranun- 
culus with its much-divided submerged leaves — better housing-material, too, 
for forms like Limnophilus decipiens, which here builds its case entirely of the 
delicate leaves of the Starwort, as does Anabolia nervosa in the young stage, 
while others rely on drifting leaves, bark and twigs from the over-hanging 
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trees. The complete list of Trichoptera found in these weedy situations is as 
follows : 

Crunoecia irrorata (case horn-like, of vegetable matter) 

Brachycentnis subnubilus (case quadrangular, of vegetable matter) 

Plectrocnemia conspersa (no larval case; silken threads among Algae) 

Anabolia nervosa (case cylindrical, of leaves, etc., with trailing twigs) 

Limnophilus decipiens (case entirely of leaves) 

L. flavicornis (case of small bits of stalk, etc., set crosswise) 

Polycelis nigra crawls over the weeds and Planorbis glaber may often be 
found upon them: Simulium reptans fixes its pupa-case to their trails, and 
Trout and Sticklebacks shelter beneath their mass. In the mud accumulated 
at their roots lie small Lamellibranchs {Sphaerium corneum, Pisidium nitidum), 
and Oligochaetes and Chironomus build their tubes — Limnaea pereger and 
L, truncatula crawl upon its surface, and Dragon-fly larvae abound in it: of 
Odonata, Ischnura elegans, Platycnemis pennipes, Agrion pulchellurn and 
Cordulegaster annulatus are especially numerous here. Among Leeches, both 
Haemopis sanguisuga and Hirudo medicinalis occur, but the commonest species 
is Glossiphonia co^nplanata, a Clepsinid type with a taste for Limnaea pereger. 

One Ephemerid larva (Siphlonurus lacustris) frequents the mud, and one 
Plecopteran (Nemura standfussi) is found on mud-coated stones, often together 
with the Dipteran Dixa nebulosa. The Alder-fly (Sialis flavilatera) larva is 
found in reaches overhung by trees; Hemiptera are well represented: water- 
skimmers are Gerris lacustris, Velia currens and Hydrometra siagnorum\ Corixa 
limitata and Sigara minutissima swim in the clear waters near the banks, and 
Podura aquatica (Collembola) is abundant at the surface. Several species of 
Copepoda, Cladocera and Ostracoda have been identified — special mention 
must be made of Canthocumptus minutus and Ca. stapkylinus (both found on 
weeds), which have never been found locally in any other situation, save in 
the “imj)ermanent trickles’’ of the roadsides. Crustacea-Malacostraca are 
represented by Aselhis aqtiaticus, which occurs pretty generally here, and 
Gammnrus pulex, which is much more limited in distribution, being confined 
entirely to a few brooks of the class now under re\dew. Coleoptera are nume- 
rous, Dytiscidae, etc., swimming freely, Parnidae living on moss-grown logs 
and stones, Anacaena and Limnius often tangled in Algal filaments. 

Where rock-outcrops or loose boulders appear in the beds of these ‘'short 
streams,” the whole regiment of “ stone-clingers ” take the field, most notice- 
able being the flat-headed Ephemerid and Plecopteran larvae {Ecdyuriis 
lateralis and Baetis tenax, Dictyopteryx mortoni, Isopteryx torrentium and Leuctra 
inermis), and those caddis-worms which build pebble-cases, or silken nets 
under stones. Trichoptera of these stony regions are: Rhyacophila ohliterata, 
Agapetus fuscipes, GlossosomxL r>ernale, Silo nigricornis, Philopotamus montanus, 
Hydropsyclie angustipennis, Diplectrona felix, Limnophilits bipunctatus and 
Mesophylax impuncMus. 

On stones above the water-surface but splashed by its spray, the Brook- 
limpet, Ancylus fluvicdilis, is abundant, and LAmnaea pereger comes here some- 
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times in search of Algae and Diatoms. On the under-surface of stones near 
the water’s edge, Dipteran larvae of the Dixa type are common, also the 
Triclads Planaria albissima and, in certain special localities, Planaria alpina 
and Polycelis cornuta. The dominant types of the lowland brooks in their 
different facies may be enumerated as follows : 

Surface-skimmers . 

Hydrometra stagnorum (Hemiptera) Velia currens (Hemiptera) 

Gerris najas (Hemiptera) Gyrinus natator (Coleoptera) 

Free-swimmers and Semi-ph3rtophilous swimmers. 

Salmo fario (Pisces) Hydroporus rivalis (Coleoptera) 

Gastrosteus aculeatus (Pisces) Deronectes latus (Coleoptera) 

Agabus bipustulatus (Coleoptera) D. depressus (Coleoptera) 

A. chalconotus (Coleoptera) Corixa limitata (Hemiptera) 

Platambiis maciilatus (Coleoptera) Sigara minutissinia (Hemiptera) 


Lithophiles. 


Planaria albissima (Tricladida) 

PI. alpina (Tricladida) 

Polycelis comuta (Tricladida) 
Ancyliis fluviatilis (Mollusca) 
Ecdyunis lateralis ( Ephemerida) 
Baetis tenax (Ephemerida) 
Dictyopteryx mortoni (Plecoptera) 


Leuctra inermis (Plecoptera) 

Isopteryx torrentinm (Plecoptera) 
Rhyacophila obliterata (Trichoptera) 
Agapetus fnscipes (Trichoptera) 
Hydropsyche angustipennis (Trichoptera) 
Meaophylax impunctatua (Trichoptera) 
Dixa maculata (Diptera) 


Limnophiles. 


Dendrocoelum lacteum (Tricladida) 
Pisidium nitidum (Mollusca) 

Limnaea pereger (Mollusca) 

L. truncatula (Molusca) 

Tubifex tubifex (Oligochaeta) 

Nais elingiiis (Oligochaeta) 
Herpobdella octoculata (Hirudinea) 
Glossiphonia complanata (Hinidinea) 
Haemopis aanguisuga (Hirudinea) 


Ischnura elegans (Odonata) 

PlatycneTnis pennipes (Odonata) 
Siphioimrus lacustria (Ephemerida) 
Chironomus sp. ; plumosus group (Diptera) 
Tanypiis nebulosus (Diptera) 
Orthocladius stercorarius (Diptera) 
Tipulidae spp. (Diptera) 

Tabanidae spp. (Diptera) 


Phytophiles (associated with aquatic plants of all kinds). 


Polycelis nigra (Tricladida) 

Planorbis glaber (Mollusca) 
Canthocamptus staphylinus (Copepoda) 
Cyclops serrulatus (Copepoda) 

Asellus aquaticus (Isopoda) 

Nemura standfussi (Plecoptera) 
Limnophilus decipiens (Trichoptera) 
Anabolia nervosa (Trichoptera) 
Cninoecia irrorata (Trichoptera) 
Plectrocnemia conspersa (Trichoptera) 


Elmis aeneus (Coleoptera) 

El mis volckmari (Coleoptera) 
Helophorus viridicollis (Coleoptera) 
Hydraena riparia (Coleoptera) 
Simulium reptans (Diptera) 

Sperchon glandulosus (Hydracarina) 
S. brevirostris (Hydracarina) 

Megapus spinipes (Hydracarina) 
Lebertia spp. (Hydracarina) 
Hygrobates longipalpis (Hydracarina) 


B 2. Lower courses of longer rivers. 

{a) Gorge-sections. The longer rivers, Rheidol and Ystwyth, after descending 
from the high plateau by cascades, pass through deep gorges in their middle 
courses: in these regions the river is a swift torrent cutting into the naked 
rock, or, in the wider sections of the gorges, it forms a shifting current some- 
times split into parallel courses on a flood-plain of boulders and angular rock- 
fragments. The fauna bears some resemblance to that of the cascade-sections 
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of the plateau-streams, but with considerable reductions : practically the only 
types remaining are the stone-clingers, save in a very few places where eddies 
of relatively quiet water permit of the establishment of a few Algae and 
Bryophy tes with their associated fauna. Characteristic species are : 


True gorge association. 


Ecdyurua lateralis (Ephemerida) 
Baetie tenax (Ephemerida) 
I^uctra inermis TPlecoptera) 
Isoptcryx torrentium (Plecoptera) 
Isogonus sp. (Plecoptera) 


Rhyacophila obliterata (Trichoptera) 
Hydropsyche angustipennis (Trichoptera) 
Dixa maculata (Diptera) 

Simuliura latipes (l)iptera) 

Planaria albissima (Tricladida) 


Occasional eddy association. 

Velia currens (Hcmiptera) Anacaena globulus (Coleoptera) 

Plectrocnemia oonspf'rsa (Trichoptera) Simulium reptans (Diptera) 

HydroporUvS livalis (Coleoptera) Tanypus nebulosus (Diptera) 

H. Davisii (Coleoptera) 


(6) Plain-sections. As mentioned above, the plain-sections of the courses 
of the longer rivers, although the gradient is much lower than in other reaches, 
have still a rapid current, and there is practically no really fine silt ; the finest 
material brought down by the river in any quantity is rough grit, and any 
‘‘mud” deserving of the name is derived in situ from the fluvio-glacial carpet 
of the lower valleys. Even this is largely covered by the extensive flood- 
deposits, which are remarkably copious and rough in character, owing to the 
presence of so many exposed mine-dumps near the streams in the hill -districts, 
which provide great quantities of broken rock-fragments all ready to be vswept 
down by the river in its flood. 

The “torrential” character is thus to a certain extent carried on practically 
to sea-level, and the fauna is predominantly of the lithophilous type, with the 
addition of a few limnophiles and phytophiles in quieter eddies where the 
fluvio-glacial mud provides the banks and immediate substratum. 

The complete fauna list is practically a shortened version of that of the 
brooks of the coastal area; with the exception of the Sea-trout {Sahno trutta), 
a casual summer visitor, no single species has been found peculiar to these 
courses, save for a few definitely estuarine types, e.g. Gammarus Duebeni and 
Notaspis lacustris, occurring in the intertidal zone and not to be dealt with 
here. On the other hand, a good many species characteristic of the brooks 
are absent here. The majority of these are typical limnophiles and phytophiles, 
such as leeches, Polycelis nigra, and many Caddis-larvae, and their absence, 
like the scarcity of other types of similar habit, is no doubt directly related 
to the topograpliical conditions described above. But the complete absence of 
certain typical lithophiles is not so easily to be explained. The most interesting 
of the latter species are the Mollusc Ancylus Jluviatilis, elsewhere so abundant 
in similar situations, and the two stone-loving Triclads, Planaria alpina and 
Polycelis nigra, whose distribution in this area will be dealt with later. 

The general dearth of species in the lower rivers is not now, in the opinion 
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of the writer, to any extent referable to the chemical pollution caused by former 
lead-mining: a careful study of the conditions in the area (( 12 ) to ( 16 )) has 
shown that such pollution, marked by the introduction into the rivers of 
dissolved metallic salts, has not been renewed in the Lower Rheidol since the 
early months of 1924: since that date the waters have remained chemically 
pure, and a large influx of species has taken place into their area, but some 
other factor or factors (probably a combination of the lack of true silt and the 
acidity of the waters) have conditioned the relative poverty which still con- 
tinues. In the case of Mollusca, absence or poverty of lime, and hydrogen-ion 
concentration as such, appear to play an important part in the elimination of 
species. Observations of the writer on the distribution of Molluscan species 
in the plateau region confirm the importance of relative acidity of the waters, 
and it has been shown by experiment that a low pH value, such as occurs in 
nature in some of the upland waters, is directly fatal to certain species, causing 
the rapid coagulation of mucus over exposed skin-surfaces ( 17 ). 

IV. GENERAL CONSIDERATIONS AND COMPARISONS 
A. List of animal species, with hey to their distribiition. 

Diatribution in 
Cardiganahire area 


References 
explained 
in the 
text 

Species 

Group 

Plateau 

streams 

Stre^ams of 
coastal area 

r ^ 

Spring Longei’ 
brooks rivers 

TB 

Hydra viridissima 

Hydrozoa 

X 




H. oligactis 

X 

X 

- 

BR 

Polycelis nigra 

'rricladida 

■v 

X 

X (rare* 

S T B 

Pol. cornuta 



X 

- 


Planaria albissima 


X 

X 

X 

STB 

Dendrocoelum lacteum 

,, 

V 

X 

>;■ 

S T B R 

Planaria alpina 

,, 


X 

... 

(S) (T) 

(S) T B 

Sphaerium comeuni 

Pisidium nitidum 

P. pusillum 

I ^amellib ran chia 

X, 

X (rare) 

X 

X 


S (T) B 

Lirnnaea pereger 

(iastropoda 

X (rare) 

X 

X (rare 

S(T) 

L. tnincatula 


X 

x: 



STB 

Ancylus fluviatilis 


X (not 

X 


(S)(B) 

Planorbis ^pirorbis 


frequent) 

y 



PI. albu8 ( ?) ; (a dark-shelled variety) 



X 

X (rare] 

(T) B 
(T) 

Tiibifcx tubifex 

( )ligc)chaeta 

X 

X 

X 

Nais elinguis 

>: 




Stylaria lacustris 


X 




Hirudo medicinalis 

Hirudinca 

X (rare) 

X 


B 

Haemopis sanguisuga 


X 

X 


T(B) 

(S) T B 

Herpobdella octoculata 

,, 

X 

X 


Glossiphonia complanata 

Helobdella stagnalis 

,, 

X 

X 

.... 

S B 

»•> 

- 

X 


BR 

Cyclops sernilatus 

Copepoda 

X 

X 

X 


Cy. prasinus 

,, 

- 

X 

... 

SB 

Cy. fimbriatus 


— 

X 

X 

B 

Cy. fuscus 


X ■ 

X 

... 

(S)R 

Canthocamptus minutus 

59 

... 

X 


BR 

Ca. staphylinus 


... 

X 



Eurycerciis lamella tus 

Cladocera 

X 

X 

X 

S 

Chydonis sphaericas 



X 


B 

Oypria virous 

Ostracoda 

X 

X 

_ 

S 

C. fusoata 



X 

_ 
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Distribution in the 
Cardiganshire area . 


References 
explained 
in the 



Plateau 

Streams of 
coastal area 

^ A ^ 

Spring Longer 

text 

Species 

Group 

streams 

brooks 

rivers 

(S)B 

Herpotooypris rep tans 

Ostraooda 

X 

X 

- 

STBR 

Gamniarus pulex 

Amphipoda 

- 

X 

- 

STB R 

Asellus aquaticus 

Isopoda 

X 

X 

- 

(S) (T) B 

Hygrobates longipalpis 

Hydracarina 

- 

X 

- 

S (T) B 

Sperchon glandulosus 


X 

X 

X 

(S)(T) 

Sp. breviroBtris 

,, 

- 

X 

- 

(T)(B) 

Megapus spini})e8 

,, 

- 

X 

- 


Limnesia koenikei 


- 

X 

- 

(S) (T) (B) 

S 

l^bertia sp. 

,, 

X 

X 

- 

Podura aquatica 

Colie mbola 

X 

X 

X 

S 

Isotonmrus palustris 

,, 

X 

X 

X 


Hydrornetra stagnorutn 

Gorris najas 

Hcrniptera 

X 

X 

- 

(B) 



X 

X 

B 

G. gibbifera 

,, 

X 

- 

- 

B 

Velia currens 


X 

>: 

X 

B 

Notonecta glauca 


- 

X 

X 


Sigara minutissima 


- 

X 

X 

(B) 

Corixa liniitata 


X (rare) 

>; 

X 

(S) (T) 

l)ictyopteryx rnortoni 

Plecfjptei’a 

- 

X 

X 


Pcrla sp. 

X 

- 

- 

(S) (T) 

Isogenus sp. 


X 

_ 


(T){B) 

Leuctra inerniis 


X 

X 

X 

S(T) 

S T(B) 

Isopteryx torrentiuni 


:< 

X 

X 

Neniiira staiidfussi 


X 

X 

>: 

(S) 

Nephelopt/Cryx sp. 

,, 

X 

- 

- 


Si plilon u ms lacustri.H 

Epheinericla 

X 

X 

X 


S. armatus 

,, 

X 


- 

(S) (T) (B) 

Baetis tenax 


X 

.X 

>; 

(S) (T) (B) 
(S)(T)(B) 

ih vernus 


X 


- 

Ecdyurus lateralis 


X 

X 

X 


Ischruira elegans Odonata. 

J'latycneniis ponnij)cs ,, 



Libellula quadrimaeulata 


_ 

X 

- 

(B) 

Agrion pulchellum 


- 

X 

- 


Cordulegaster annulatirs 


- 

X 

X 

T B 

Sialis flavilatera 


... 

X 

>' 

(8) T (B) 

Rhyacophila obliteratii 

Trichopt<*ra 

X 

X 

X 

STB 

Agapetus fuscipes 

X 

x 

X 

T 

Philopotamus montanus 


X 

X 

- 

(T)(B) 

Silo nigricornis 


X 

X 

- 

STB R 

Crunoecia irrorata 


- 

X 

X 

(T) 

(S) T B 

Brachycentrus 8ubnubihi.s 


- 

X 

- 

Apatania fimbriata 

99 

X 

- 


(T) 

Diplectrona felix 


- 

X 

- 

T 

(S)T 

Hvdropsyche angUHti}>cnnis 
Plectrocnemia conspersa 

99 

X 

X 

X 

X 

X 

(S) 

Cymus insolutus 

]] 

X 

X 

X 

T B 

Anabolia nervosa 


X 

X 

X 

(T) 

Limnophilus deoipiens 

99 

X (rare) 

X 

X 

(T) ( B) 

(T) B 

L. flavioomis 



X 



L. bipiinctatus 


X 

X 

- 

B 

Glyptohaelius pellucidulus 


- 

X 

- 

(T)B 

Mesophylax impunctatus 


X 

X 

X 

B 

Halesus digitatus 


X 

_ 

- 

B 

Dyticus marginalis 

Cbleoptera 

X 

(ran*) 

X 


Laocophihis interniptus 

,, 

- 

X 

X 

(S) (T) B 

Agabus bipustulatua 

,, 

X 

X 

- 

(S) (T) B 

A. paludosus 

99 

X 

X 

- 

(S) (T) 

A. chalconotus 

99 

X 

X 
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References 
explained 
in the 
text 

Species 

Group 

Distribution in the 
Cardiganshire area 

A 

r ^ 

Streams of 
coastal area 

A 

f 

■^Plateau Spring Longer 
streams brooks rivers 

T 

Platambus maeulatus 

Cbleoptera 

X 

X 

-- 

(S)T 

Hydroporus rival is 

X 

X 

X 

(S)(T) 

(S)(T)(B) 

H. Davasii 


X 

X 

X 

H. obscurus 

»» 

X 

„ 

- 

iS)(T) 

H. pubescens 


X 

-- 



Deronectcis latus 

,, 

- 

X 

- 


1). depressus 

»♦ 

- 

X 

X 

TB 

Gyrinus natator 

,, 

X 

X 

X 


Hydrophilus caraboidcs 

Limnebius truncatelhis 

»> 

- 

X (rare) 

- 

(S)TB 


X 

X 

- 

T(B) 

Hydraena riparia 

,, 

- 

X 

- 

(T)(B) 

Helophorus viridicollis 

,, 

X 

X 

- 

TB 

Elmis volckmari 


X 

X 


(T) 

E. aeneus 


X 

X 

X 

Limnius tuberculatus 


-• 

X 

- 


Cercyon sp. 

•> 

- 

X 

- 

(8) T B 

Anacaena globulus 

,, 

X 

X 

X 

Theobaldia annulata 

Diptcra 

- 

X 

- 

(H) 

Trichocera rogelationis 

- 

X 


(T) 

Orth ocladiu s ste rco i*ariu s 

»» 


X 

X 

(T)(B) 

(Culicidae spp.) 


X 

X 

X 

(S)(T)(B) 

Tany tarsus flavipcs 



X 

- 

(S){T)(B) 

T. vernus 

,, 


X 

- 

(S) (T) 

(S) 

Chironomus sp, (plumosus-group) 

,, 

X 

X 

X 

Ch. spp. (other groups) 

,, 

- 

X 

- 

(«) 

Ceratopogon sp. 


- 

X 

-- 


Metriocnemus sp. ( ? fuscipes) 

,, 

- 

X 

- 

i^) 

I’anypus nebulosus 

,, 

X 

X 

X 

(S)T(B)R 

Dixa maculata 

,, 

X 

X 

.... 

(S)(T)(B) 

I), nebulosa 

,, 


X 

- 

T R 

( ) rpli n ep hi la tea tacea 

Pericoraa canescena 

,, 

X 

- 

- 

8 T B R 


X 

X 

- 

(8) (T) (B) 

Himulium latipes 

»» 

X 

X 

X 

(8) (T) (B) 

8. reptans 

,, 

X 

X 

X 


Eristalis sp. ( 't tenax) 

,, 

- 

X 


(S)(T)(B) 

Tabanidac sp. ( ? Atylotus sp. ) 


- 

X 

X 

(8)(T)(B) 

Tipulidae spp. 


X 

X 

- 


OastrosteuH aculeatus 

Pi8(!es 

- 

X 

X 


Anguilla vulgaris 

,, 

- 

X 

X 


Leuciscus phoxiniis 


X 

X 


'r 

Salrao fario 


X 

X 

X 


Triton palinatus 

Amphibia 

X 

- 

- 

(S) 

Rana temporaria 


X 

X 

X 


Reference to the right-hand columns of the above table, which supply the 
key to distribution within the Cardiganshire area, shows that, with the rarest 
exceptions, practically every species occurring on the High Plateau (above the 
900-foot contour-line) is also to be found in streams of the lower coastal area.* 
The exceptions are so few that they can be enumerated singly : the most re- 
markable is the newt Triton palmatus, and beyond this only a few Insect- 
species are to be mentioned : 

(jrerris paluduni (Hemiptera) 

Nephelopteiyx sp. and Isogenus sp. (Plecoptera) 

Siphlonunis armatus and Baetis vernus (Ephemerida) 

Apatania fimbriata and Halesus digitatus (Trichoptera) 

Hydroporus obscurus and H. pubescens (Coleoptera) 
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On the other hand, a larger number of species occur in the coastal brooks 
which are absent from those of the Plateau: these are mainly phytophilous 
and limnophilous larvae of Trichoptera, Odonata and Diptera. The chief dis- 
tinction between the high and low areas as regards general biocoenotic type is 
thus seen to be dependent on “limnocrene’’ or ‘‘rheocrene” character rather 
than upon factors more directly related to elevation and range of temperature. 

Comparisons of a different kind are indicated by the symbols appearing 
in the left-hand column, preceding the names of animal-species. The symbols 
here refer to species collected by continental workers on streams of European 
highlands: S refers to the list compiled by Steinmann ( 9 ) from his study of 
mountain brooks of glacial origin in the Jura, the Schwarzwald, the Alps and 
the Karst; T to Thienemann’s lists, compiled from studies of brooks of the 
Westphalian Sauerland, at an elevation of 250 to 550 metres ( 1 ), of Baurnberg, 
West of Munster ( 1 ), and of the Jasmund peninsula of the Island of Riigen ( 2 ) ; 
B to those of Bornhauser, from collections made in the neighbourhood of 
Basel ( 6 ) ; and R to a list given in a much slighter study, by Demel, of post- 
glacial rheocrenes contributing to Lake Wigry in Poland ( 7 ). A bracketed 
symbol, thus — (S) — indicates that not the actual species in question, but some 
species closely allied to it, is named ; apart from such cases, of the species col- 
lected by the writer : 

19 are identical with Steinmann’s species; 

32 with Thienemann’s ; 

42 with Bornhauser’s ; and 

1 1 with Demel’s. 

These figures should serve to establish a certain similarity in general type 
between the present field of research and those of the earlier studies. In 
addition, certain species occur, and occur generally, in this area, which have 
been definitely established by continental workers as belonging to the steno- 
thermous, torrenticolous group representing the true primitive fauna of moun- 
tain brooks, and probably to be classed as “glacial relicts,” in contradistinction 
to the large number of “ eury thermous ” types, mostly dwelling in mud, sand, 
or plant-growth, and insurgent into the highland brooks by migration along 
the slower waters of the plains. The most definitely “ stenothermous ” types 
found in the Cardiganshire area are: 

Planaria alpina (Tricladida) Agajjetus fiiscirxjs (Trichoptora) 

Polycelis comuta (Tricladida) Rhyacophila obliterata (Trichoptera) 

Certain Hydracarina Crunoecia irrorata (Trichoptera) 

Apatania hmbriata (Trichoptera) Plectrocnemia conspersa (Trichoptora) 

and these are (with one exception — Apatania fimbriata) quite as general in 
occurrence in the lowland brooks as on the plateau. It is maintained, there- 
fore, that practically the whole of the streams of this area may be classed as 
of the type of “mountain brook,” of torrential character and partly peopled, 
in relation to the consistently low temperature and rapid streaming of their 
waters, by fauna representing relicts of former glaciation. In this connection. 


4—2 
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a special reference must be made to the Turbellaria-Tricladida of the neigh- 
bourhood. 

In the first place, Planaria gonocephala, a eurythermous cosmopolitan’’ 
common in the continental and also in certain British areas ( 18 ), does not 
occur here at all. The distribution of this species is undoubtedly related to the 
lime content of the streams: Bornhauser ( 6 ) has noted its absence from soft 
waters, and there appears little doubt that its failure to occur in the Cardigan- 
shire area is related to the prevalent scarcity of lime. Two other eurythermous 
species, common in Britain and elsewhere, are found here, Polycelis nigra on 
plant growth in streams of the limnocrene type, and Dendrocoelum lacteum in 
somewhat similar situations and especially where pollution from house- 
drainage, cattle fouling, etc., eliminates other Triclad species. The commonest 
and most tolerant of widely varying conditions is Planaria albissima Vejd. (1 7a) , 
a species never before recorded from any British area, yet to be found here in 
practically every body of running water in the district, highland and lowland, 
rheocrene and limnocrene, small trickle and larger river, alike. Sometimes it 
is the only Triclad in a particular reach, at other times it occurs side by side 
with Planaria alpina and Polycelis cormita: from its general occurrence in 
situations so diverse in character, there seems good reason to describe it as 
“eurythermous, ubiquitous and probably cosmopolitan.” Vejdovsky ( 33 ) 
found it in spring brooks in Bohemia: none of the writers whose studies of 
mountain brooks in European districts have been quoted appear to have 
found it, and Steinmann, in a passing note ( 9 ) refers to it as “a rare species.” 

The two remaining species, Planaria alpina and Polycelis cornuta, are of 
very particular interest in ecological study : they are the classic examples of 
“glacial relicts” in the brook-fauna, and much literature has accumulated 
around the study of their distribution and bionomics (( 19 ) to ( 32 )). In general, 
Planaria alpina frequents the upper reaches of vstreams of European highlands, 
Polycelis cornuta the middle, and Planaria gonocephala the lower, the habitats 
to some extent overlapping; Planar m alpina is a markedly stenothermous 
type, Polycelis cornuta has its optimum temperature slightly higher; the former 
is associated with hard waters rich in lime, the latter with soft waters. To 
these general rules, well established by continental workers, the special dis- 
tribution of the two Alpine species in Cardiganshire does not altogether con- 
form. In the first place, as already noted, the lime content is usually very 
low, yet Planaria alpina is distinctly more widely distributed than Polycelis 
cornuta, nor is the former species absent from brooks with lime content so low 
as even 2-b mg. per litre. Secondly, the distribution as regards height is by 
no means typical, since individuals occur in greater numbers in the low 
coastal region than on the plateau, and Planaria alpina occurs at a lower 
level, in some cases, than Polycelis cornuta. Thirdly, the distribution is 
“patchy” in the extreme, and since its peculiar features cannot be altogether 
explained by the recognised rules, it appears that some other biological factor 
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must be sought. Further comment is withheld for the present, as a detailed 
investigation of the problem is now in process. 

In conclusion, the writer wishes to express most sincere gratitude to 
Professor R. D. Laurie, of the Department of Zoology, University College of 
Wales, Aberystwyth, for his continued interest and encouragement, to Professor 
Fleure, of the Department of Geography at Aberystwyth, for the geographical 
background which has so greatly added to the interest of this study, and to 
the Department of Scientific and Industrial Research for the financial assist- 
ance which has enabled it to be carried out. 
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A PRELIMINARY ACCOUNT OF THE VEGETATION 
OF THE RIVER ITCHEN 

By R. W. butcher 
{With two Figures in the Text,) 

INTRODUCTION 

The following account of the vegetation of a stream in the South of England 
is based on observations made during 1925 at the Ministry of Agriculture and 
Fisheries Freshwater Station, Alresford, as a preliminary to a full biological 
survey of the river system. The general object of such a survey is to form a 
comprehensive idea of all the biological conditions in a typical unpolluted 
river, and further to compare such results with the life in polluted streams so 
as ultimately to use the absence or presence of certain organisms to indicate 
the state of purity of river waters throughout England (cf. Kolkwitz and 
Marsson ( 5 )). It is surprising that the ecology of streams has attracted so 
little attention. There are, of course, numerous papers on the phytoplankton 
of larger rivers, notably those of Kofoid ( 4 ) in America and of Schroder ( 10 ), 
Limanowska ( 6 ), etc., on the continent, biit the biology of smaller streams 
would appear to have been almost entirely neglected, not only from the point 
of view of the phanerogamic flora but from that of the algal vegetation also. 
Because of this lack of work on the subject it was considered advisable to 
present these short notes. 

TOPOGRAPHY 

The River Itchen rises near Cheriton and is about 30 miles in length. The 
land drained by the river system consists mainly of a gravelly loam lying in 
the Upper Chalk. 

In ancient times the Itchen was a series of swamps and marshes rather 
than a river. The Romans and the Saxons carried out a certain amount of 
drainage, but it was that able bishop, Godfrey de Lucy {cirm 1220), who 
drained swamps and deepened the channels of the Aire and the Itchen, so 
making it navigable from Alresford to the sea. Vestiges of his work still 
remain between Alresford and Winchester, and below Winchester the canal 
was used until quite recent times. 

As a river system it is somewhat complex; there are numerous channels 
that drain the water meadows and in many places (for instance, at Itchen 
Abbas) the water level is higher than the surrounding marshes. Without 
attention, the river system would probably degenerate into its primeval state 
of swamp and pools. The numerous channels make it difficult to carry out an 
exhaustive survey or to translate the results into any but general terms. 
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CHEMICAL COMPOSITION OF THE WATER 

Below is the average chemical composition of the River Itchen at Alresford. 

Total Oxygen 

solids CaO absorbed COg Clg SiOg NOg pH 

30-2 12-94 0027 0-5 1-3 0-4 0-41 80 

(In parts per 100,000.) 

As the above figures suggest, the stream is capable of supporting a large 
fauna and flora; the bed of the stream is everywhere covered with vegetation.* 
Gamrnarus, molluscs and insect larvae are abundant and the river is well 
known for its excellent trout. 

GENERAL CHARACTER OF THE FLORA 

The course of the river may be divided into four parts according to the 
flora. A general plan of the first, second, and part of the third portions, which 
were particularly surveyed, together with the dominant species of plants, is 
given in Fig. 1. 

{a) From the source to Martyr Worthy, In this portion Ranunculus 'penicil- 
latus, Apium nodiflormn and Sium angustifolium, with Nasturtium officinale 
near the banks are the chief plants. The banks are very low and ill-defined 
and the river in many places tends to have swampy margins. There is an 
abundant littoral flora of Sparganium erectum, Car ex paludosa, Car ex panicu- 
lata, Glyceria aquatica, Typha latifolia, Hippuris vulgaris and Sparganium 
simplex are subdominant in some of the lower portions of this stretch. 

(6) From Martyr Worthy to Kings Worthy, Hippuris vulgaris and Spar- 
ganium simplex here become more common and Elodea canadensis and Calli- 
triche stagnalis are dominant in some stretches. The banks are well above the 
level of the river and there is little littoral growth; Phragmites communis is 
the commonest ^'reed” in this portion. 

(c) Between Kings Worthy and Bishopstohe, Elodea canadensis and Calli- 
triche stagnalis are frequently dominant in this portion, but Hippuris vulgaris 
and Sparganium, simplex are still common. Ranunculus penicillatus and Sium 
angustifolium are met with here in swift stretches. 

(d) Between Bishopstoke and the Estuary, Here the river is deep and often 
turbid, so that complete observation of the vegetation is difficult. Elodea 
canadensis and Callitriche stagnalis are the dominant plants and Sium angusti- 
folium, Hippuris vulgaris and Oenanthe fluviatilis are occasionally seen. 

There is naturally no well-marked line of demarcation between these 
sections, and (b) and (c) are really only transition -regions between (a) and (d). 
Plants notably absent in the river system are: water lilies, all species of 
Alismaceae, Ceratophyllum, TJtricularia (which occurs in the neighbouring 
River Test) and Characeae. 

The following table gives a summary of the dominant species in the 
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Diagram of the course of the Itchen from the source to Twyford showing dominant Phanerogams of the river beds. 
General scale about 1 inch to the mile. Width of stream beds greatly exaggerated. 
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different stretches. From this it will be seen that there is correlation in at least 
five out of the eight species with rate of flow and nature of bed. 




RELATIONSHIP OF VEGETATION TO PHYSICAL CONDITIONS 
(1) De/position of Silt. It has been shown by Pearsall ( 9 ) that silting has 
a marked effect upon the vegetation of the English lakes. The same is equally 
true of a river, but conditions under which silt is deposited are somewhat 
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different. It is obvious that at different velocities materials may be carried 
whose masses are proportionate to the flow of the current. 


Velocity Nature of river bed 


Above 4*0 ft. per sec. 

Stratified rock 

30 

Heavy shingle 

,, 20 

Light shingle and pebbles 

10 

Light gravel 

„ 0-()7 

Sand and silty beds 

„ 0-42 

Clay beds 

Below 0-42 ,, 

Alluvial deposits 


These figures are taken from Minikin’s Practical and Canal Engineering (7) 
and are confirmed by observations made at Alresford on the River Itchen. 
Owing to almost infinite variations, actual observations on the speed of 
flow of the River Itchen throughout its length have not been carried out, 
but there is given on p. 58 the average fall per mile of the river taken 
from the 6-inch Ordnance Survey Map. It can be seen from this table 
that the plant communities change where there is a marked change in 
the current. 

Reference to the plan of the river (Fig. 1) shows that in the stretch 
between Winchester and St Cross, the two typical silt-loving plants (Callitriche 
and Elodea) are dominant. The same applies, to a less marked extent, in a 
stretch between Easton Bridge and Winnall, particularly at the mill weirs and 
hatches. 

The stretches below Twyford apparently show the same phenomenon, but 
the vegetation has not been thoroughly investigated here. Plants that appear 
to prefer a moderate amount of silt and dominate many of the moderately 
slow portions of the river are Sparganium simplex, Hippuris vulgaris and 
Oenanthe Jlnviatilis. On the other hand, Ranunculus penicillatus and Siutn 
angustifolium, and to a less extent Ranunculus fluitans, become dominant in 
the swiftly flowing parts, the first being particularly abundant between 
Cheriton and Ovington. 

Watson (11), in a paper devoted chiefly to mosses and lichens of waters, 
but in which he also mentions some of the Phanerogams, similarly divides the 
types of vegetation of what he describes as the submerged community into 
quickly and slowly flowing water, but, contrary to his statement, the quickly 
flowing parts of the Itchen are very poor in Bryophytes and certain flowering 
plants are abundant. The northern streams mentioned are liable to become 
very low in the dry season and the rocks on which the Bryophytes grow are 
exposed and they become similar to rocks watered by the spray of a cascade 
or by small trickles and are scarcely to be compared with stones that are 
permanently submerged. This exposure of the rocks and stones, rather 
than the actual aeration of the water, is the probable cause of the difference 
in the Bryophytic vegetation of permanently and temporarily submerged 
rocks. 



60 Preliminary Account of the Vegetation of the River Ttchen 
The following are the plant communities of the silted, partly silted and 


non-silted portions : 

lilodea canadensis 

d 

Silted. 

Oallitri(;ho stagnalis 

sd 

Hippuris vulgaris 

a 


Sparganium simplex 

a 

Oenanthe fluviatilis 

f 


Potamogeton pusillus 

f 

Potamogeton crisptis 

r 


Potamogeton densus 

r 

Ilanuncnhis fluitans 

r 


Vaucheria sp. 

0 

Hippuris vulgaris 

sd 

Partly silted. 

Sparganium simplex 

sd 

Oenanthe UuviatiliR 

a 


Scirpus lacustris 

a 

Elodea canadensis 

f 


Callitriche stagnalis 

f 

Potamogeton densus 

f 


Potamogeton crispus 

0 

Lemna trisulca 

o 


Ranunculus fluitans 

o 

Ranunculus jjenicillatus 

o 


Apium nodiflorum 
Typha latifolia 

o 

Sium angustifolia 

o 


o 

Ranunculus penicilhtus 

d 

Non-silted. 

Apium nodiflorum 

sd 

Siura angustifolium 

sd 


Potamogeton densus 

a. 

Fontinalis antipyret ica 

a 


Nasturtium officinale 

a 

Veronica anagallis 

f 


Mimulus Langsdorftii 

o 

Oenanthe fluviatilis 

o 


Cladophora sp. 

0 

d — dominant, >sd — subdominaht, 

a— abundant, f - 

frequent, o — occasional, r 

— rare. 


It is evident that depositions of silt form easy germinating and rooting 
positions for plants. This fact alone will account for a longer list of occasional 
|)lants in the silted and partly silted areas. It also leads indirectly to the 
consideration of the second factor affecting distribution. 

(2) Anchoring power of the roots. All plants in running water are subject 
to the stress of water-flow and their ability to grow in a given area is partly 
dependent on the anchoring power of their roots. For instance, Elodea and 
Callitriche have an anchoring system of filamentous, adventitious roots and 
weak stems that are easily washed away in flood periods. Rootless plants 
such as Lerrma only exist in very slow flowing water or tangled in littoral 
vegetation. The root systems of Ranunculus penicillatus and Potamogeton 
densus consist of thick rhizomes and intertwining roots that grow down between 
the stones and thus secure a very powerful hold. Such roots will account for the 
comparative abundance of silt-loving plants like Scirpus lacustris in several 
swiftly flowing portions of the stream. The chief problem of survival is whether 
the seeds or winter buds of such plants can successfully germinate. Under 
the same category can also be included the strength of stems and leaves. The 
brittleness of the Characeae will account for these plants never growing in any 
but still waters. The bottom algal flora shows the same distribution. Diatoms 
are abundant in the Itchen and can frequently be seen as brown patches on 
the mud and stones or as fluffy growths on other plants. In the swift portions 
filamentous forms such as Melosira varians, Diatoma vulgar e, pedicelled forms 
such as Cymbella spp., Gomphonema spp., and forms with mucilaginous sheaths 
such as Cocconeis placentula are the most abundant. In the slower portions 
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there is a much greater variety ; Gyrosigma attenuatum, Synedra spp., Nitzschia 
spp., being very abundant. 

(3) Sunlight. The effect of shade on the distribution of plants on land is 
well known. There is a similar effect with water-plants though not so well 
marked. The chief shade-plant of the Itchen is Siurn angustifolium and it can 
be frequently observed as growing furthest under bridges, tunnels and the like. 

Fig. 2 shows the effect of shade on certain of the river species very clearly. 
It will be seen that Ranunculus 'penicillatus diminishes in quantity and Slum 
angustifoliuni increases, in the shady portions. The light is never fully cut 
off, though under the railway bridge there is hardly ever any direct sunlight. 



Fig. 2. Diagram of the distribution of three sjiecies of aquatic Phanerogams in the vicinity of 
two bridges crossing the Itchen, showing the effect of shading. 


(4) Chemical constituents oj the water. The general composition of the water 
has been given above, but it is possible that changes in different parts of the 
river may account for changes in vegetation. The difficulties of estimating 
some of the constituents (such as alkalies) mean that these figures are very 
incomplete. 

Aeration. The two gases dissolved in water which are of any significance 
to plant life are oxygen and CO 2 . The conditions of aeration in the water are 
very different from those on land. Whereas the COg in the air is often a limiting 
factor in plant nutrition, this is not so in the water, because the proportion 
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and amount of COg is greatly increased. Further, Brown (2) shows that not 
sufficient COg diffuses from the air to keep Elodea alive during winter and 
spring, so that this difference must be made up from the COg in the water and 
that given off from the mud, presumably fixed in the form of bicarbonates. 
Figures of amounts for the River Itchen confirm those of other writers 
(Devaux (3) and Arber (1)). 

Air River Itohen 

(c.c./litre, N.T.P.) (c.c./litre, N.T.P.) 

Oxvgen 200 7-0 

COj 0-3 2-56 

From the above figures it will be seen that there is an abundance of COg, 
and it would seem from a knowledge of the gas requirements of plants in general 
that the small changes in concentration in different parts of the river will not 
influence the change of vegetation. 

As regards oxygen, there is evidently a shortage as compared with the 
atmosphere even in the most ideal waters. The River Itchen is super-saturated 
in respect of oxygen. When the water flows over a weir or gets similarly stirred 
up the oxygen approximates to saturation point. It never happens, however, 
that the conditions at the bottom of a weir are the same as those above, for 
as well as this change in oxygen concentration, silt deposition and churning 
and stressing effects on the plants must also come in. The only noticeable 
change in the vegetation is the abundance of Potamogeton densus below most 
weirs and hatches, but this occurs in quantities elsewhere and does not appear 
to be dependent on the change in aeration mentioned above. 

Calcium. The Itchen flows over chalk for almost the whole of its length 
and has therefore a high calcium content. Several samples were taken at 
different parts of the river on the same day to find out whether there was any 
variation. The results were as follows: 


Locality 

Alrcaford Ex]>erimental Station 

CaO in parts 
per 100,000 

i;b02 

J tchen Stoke Bridge . . . 


1302 

Ovington Mill 


12-70 

Chilland 


12-40 

Worthy Mill 


12-0 

Worthy Down 


12-40 

Winnall ... 


12-0 

Canal below Wincheater 


12-32 

St Cross Mill ... 


12-04 


It will be seen that there is a progressive decrease in calcium content from 
source towards the mouth of the river, but, owing to the high amounts present 
everywhere, not sufficient to bring about any change in vegetation. There 
seems little doubt that the high calcium content of the river is responsible for 
the characteristic and abundant vegetation throughout the system. 

Further investigations are being carried out as to the effects of phosphates, 



R. W. Butcher 63 

nitrates and silica on the vegetation, but as yet sufficient data have not been 
obtained to enable any definite conclusions to be drawn. 

Perennation of water-plants. On^ of the most notable features of the vege- 
tation of the river, also mentioned by Arber (1), is the fact that it does not die 
down in the winter months. A patch of vegetation has been under observation 
at Alresford since last July, and the area occupied by the respective plants is 
still the same six months after, though the quantity per unit area has decreased 
somewhat. In the submerged water-plants mentioned in this paper there are, 
as far as can be ascertained, no exceptions. Elodea, Callitriche and other plants 
growing in the silted stretches get washed away to a large extent during winter 
floods, but the remnants continue to grow or at least to remain green. 

NOTES ON THE SPECIES THAT MAKE UP THE FLORA OF THE RIVER 

Batrachian Ranunculi -only two species have been observed in the Itchen. 
Ranunculus penicillatus Babington R. pseud o-Jluitans Baker and Foggitt, 
is very abundant, but never with floating leaves. It is confined almost entirely 
to the swift and sunny portions of the river and occurs in almost pure 
colonies at Ovington and Tichborne. Ranunculus fiuitans has been observed, 
in small quantity only, at Winchester, Twyford and Bishopstoke. 

Apium nodijlorurn Reich fil. and Slum angustifolium L. These two plants 
(locally known as water celery) are difficult to discriminate as normally they 
do not flower. Apparently the former is commoner in the reaches above 
Alresford and only the latter occurs below Kings Worthy. There are very few 
places without plants of these species and in shady places, one or the other is 
frequently dominant. They attain their best development in swift reaches 
which are therefore free from silt. 

Oenanthe fiuviatilis Coleman. This plant occurs in small patches in the 
lower reaches of the river. It flowers only close to the bank in sluggish parts. 
It apparently grows best in deep water, direct sunlight and a moderate amount 
of silt. No plants have been observed above Martyr Worthy (halfway between 
Ovington and Easton Bridge). 

Hippuris vidgaris L. This occurs in quantity in the deeper parts of the river 
and where there is a moderate current and a moderate amount of silt. Aerial 
flowering stems are produced in the slower portions of the river. It flourishes 
best in direct sunlight and a moderate amount of silt. 

Callitriche stagnalis Scop. In the river this occurs where there are large 
amounts of silt, especially near the river banks, and seems to flourish better 
in shady places than in direct sunlight. It is dominant in the very silted stretch 
between Winchester and St Cross. The segregate species are not determinable, 
as the plant seldom flowers in the river. Although, like most of the water plants, 
it is constantly growing, large amounts get washed away with silt in flood 
periods. 

Elodea canadensis Michx. Together with the last this is the dominant silt- 
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inhabiting species. It grows only where there are large amounts of silt and is 
very conspicuous in the canal below Winchester. The plant also suffers in the 
same way as Callitriche during flood periods as it gets broken up and washed 
away. 

Sparganium erectum L. This occurs as an erect rooted plant in the highest 
reaches of the river from the source to Ovington. It grows chiefly near the 
banks, where there is not too vigorous a current and a moderate amount of silt. 

Sparganium simplex Huds. This species, locally known as ribbon-grass, is 
one of the subdominant plants in the swiftest stretches below Itchen Abbas. 
The plants do not flower except in small land-locked puddles at the side and 
are usually totally submerged. It appears to maintain itself in swifter stretches 
by the anchoring power of its roots and the lack of resistance of its leaves. 
The colonies are probably augmented from seeds that can germinate success- 
fiilly from flowering specimens in backwaters and ditches. 

Scirpus lacustris L. Tliis species, though usually associated with lakes and 
sluggish stretches of rivers, occurs in some quantity in the swifter stretches 
of the Kiver Itchen. It can probably maintain itself in these places like the 
last species because of the anchoring power of its roots. 

Potamogeton densus L. Dominant in one or two small portions of the river. 
It appears to be associated with the swifter portions and also with hatches or 
weirs, both just above and below the fall of the water. It is difficult to explain 
its occurrence with our present defective knowledge of conditions in the river. 

SIJMMARY 

1 . A preliminary account is given of the flora of the River Itchen, particular 
attention being paid to the Phanerogamic flora. 

2. Of all the environmental conditions examined affecting the nature of 
the flora that of deposit of silt appears to be the most important. Other 
factors are anchoring power of roots, sunshine, and perhaps chemical com- 
position of the water, though not many observations have been made on this 
point. 

3. The plant communities can be divided into silted, partly silted and 
non-silted types. 

4. The chief plants of the river are dealt with in detail in respect of their 
habitats. 
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FACTORS AFFECTING ANIMAL DISTRIBUTION IN 
A SMALL STREAM OF THE PANAMA RAIN-FOREST 
IN THE DRY SEASON^ 

By W. C. ALLEE and MAGNHILD TORVIK 

The University of Chicago, 

{With two Figures in the Text,) 

Shannon Creek flows down a steep V-shaped ravine on the north side of 
Barro Colorado Island into Gatun Lake, passing just east of the Laboratory 
of the Institute for Tropical Research. During the dry season in 1924 water 
stood in pools along the lower 200 yards. There was a slight permanent flow 
for half this distance. The whole gradient is steep, particularly so near the 
lake where the stream falls some 30 ft. in its last 50 ft. of horizontal flow. 
About a hundred yards above, there are similar rapids. Aside from these 
places the gradient is steady with a total fall of about 90 ft. in the region 
studied. Thirty -six pools were investigated, comprising all the pools in the 
upper part of the stream and the larger ones below. They will be referred to in 
their ordinal number from Gatun Lake. The largest pool, No. 16, was about 
25 ft. long by 4 or 5 ft. wide, with a maximum depth of about 8 ins. The 
smallest, No. 36, held about half of a gallon of water. In the dry season, the 
flow was never rapid or strong and the stream afforded a natural trail up its 
rock-strewn bed through the heart of a dicotyledonous rain-forest typical of 
Panamanian woods (see Fig. 1). 

Characteristic animals were collected singly and identified by various 
specialists, and certain drag-net collections were made with a dip-net in such 
a manner as to allow quantitative estimation of the larger inhabitants of the 
different pools. These collections brought out the following significant facts: 

1. The moist stream bed is invaded by numerous land animals during the 
dry season, including such animals as termites and land lizards {Arneiva 
f estiva Lich. e.g.). 

2. Some animals were found in all the pools. These included Pseud o- 
thelphusa richrnondi Rath., a crab, which was also found dead far above the 
last standing pool, indicating a wider distribution during the rainy season. 

* The facta aummariaod in this note wore gathered by the senior author while working at the 
Laboratory of the Institute for Tropical Research on Barro Colorado Island in Gatun Lake, C.Z., 
in January to March, 1924. The junior author assembled and calculated the crude data and made 
a preliminary draft of the manuscript. We are indebted to Mr James Zetek, resident custodian 
of the Institute, for local aid; to the Bache Fund of the National Academy for financial aid; to 
the specialists who identified parts of the collection who are listed in Allee, W. C. {Ecology^ 7, 
1926 a, see Bibliography) and to Marjorie Hill Allee for field assistance. 
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A frog, prominently marked with red on its posterior legs, Sana warszcwiezii 
Schmidt, was found wherever there were permanent pools and another frog, 
Eleutherodactylus rugulosa Cope, was also 
generally present. A beetle, Copetalm 
prolongatus Sharp, and a hemipteron. 

Ambry sus pulchellus Mont., a near rela- 
tive of Belostofna, complete the list of the 
animals that were generally distributed. 

3. The majority of animals present 
showed some degree of differential dis- 
tribution in the stream. Thus the lizard, 

BasiliscMS basiliscus L., was limited to the 
lower region near Gatiin Lake. The only 
fish present, Brachyrhophis episcopii 
Steind., was not found above pool 17, 
but were common or abundant below that 
point. Pool 16 contained 84 of these fish, 
both small and large. Shrimps of several 
species were present: Atya seabra Leach, 

A. occidentalis Newport, Ortmannia ameri- 
cana Guerin, and Macrobrachium jamai- 

cense Herbst, but were limited to the lower 

pools ^ ^ Shannon (Veck. 

The water striders, Rhagovelia insularis Champ., Velia brachialis Stal., 
V, cinclipes Champ., Linmogonus niarginatus Guer. and Brachymetra albinervis 
Am. and Serv., were mainly limited to the region below pool 25. No damsel- 
fly nymphs, dragon-fly nymphs or may -fly nymphs were taken above pool 16. 

On the other hand, there were many more tadpoles in the upper pools, 
although they were to be found in all pools offering such shelter as is furnished 
by an accumulation of leaves on the bottom. They were so numerous in the 
upper pools that they fairly blackened the substratum. Tadpoles were found 
still within the egg- jelly in the upper pools about the 1st of March, but most of 
those present were over an inch long^. 

Water beetles, mainly Copelatus prolongatus Sharp, although found through- 
out, were definitely more numerous in the upper pools. 

Table I gives the results of a series of similar dip-net collections of fish, 
shrimps and tadpoles in representative pools. The results have been calculated 
in terms of 100 litres and may be accepted as a close approximation to the 
truth. 

Of the possible factors that might cause differential distribution in this 
stream we can eliminate temperature immediately, since the entire observed 

^ DrThos. Barbour, who was in Panama at the time, could identify these only as toad tadpoles. 
I have been unable to secure further identification. 
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Table L Numbers offish, shrimps and tadpoles per 100 litres. 


Pool No. 

Fish 

Shrimps 

Tadpoles 

2 

0-3 

0-3 

00 

3 

M 

01 

2-6 

4 

5-6 

36-3 

2-8 

r> 

2*4 

1-8 

21 


5-6 

5-6 

00 

12 

4-2 

00 

89*3 

13 

59-4 

13*2 

496-4 

14 

10-3 

0-8 

774-9 

15 

330 

6-6 

733-2 

16 

14*8 

4-2 

93-3 


range for all the pools were only 24-25*1° C., as taken with a standard ther- 
mometer graduated to tenths of a degree. All the pools were usually shaded. 
None were seen completely exposed to the sun at any time during the day, 
but the upper ones were in general the more shaded. 

With two exceptions, the dissolved oxygen of the first 24 pools was between 
4 and 5 c.c. per litre (Winkler’s method). Pool 5 showed 2*6 and pool 6, 10*3 c.c. 
per litre. The former was a compact, relatively deep pool with much bottom 
cover of leaves. The latter was a long, narrow, shallow pool with little cover 
over the rock, gravel and sand bottom. The fewer fish and shrimp in No. 5 
may be correlated with the low oxygen content but the most significant differ- 
ence in the life of the two was the marked scarcity of tadpoles in pool 6. 
Judging from their general stream distribution, this was due to a lack of bottom 
cover rather than to the high oxygen content of the water. Such a conclusion 
needs to be checked by exact experimentation. 

The water trickling over the rocks showed an oxygen content as high as 
12*34 c.c. per litre. The inlet of Gatun Lake into which Shannon Creek flows 
had 7*4 c.c. per litre in mid-afternoon. The oxygen content of the lake is kept 
high by the strong winds and by the large amount of green algae. 

The pH of the water was determined by colorimetric methods with phenol- 
sulphonephthalein and dibromophenolsulphonenephthalein as indicators, and 
with a set of recently prepared La Motte tubes as standards. The ran steadily 
at 7*6 in the first eight pools. From No. 9 to No. 23 there was a variation 
between 7*2 and 7*9 in the different pools. Pools 24 and. 25 were found to be 
neutral (7*0), and the upper pools fell off to a characteristic pH of 6*6, but with 
a range of from 6*1 to 6*9 in various small holes containing water near pool 36. 
Water trickling over a rock near pool 36 was found to have a pH of 7*5; near 
Gatun Lake such water showed a pH of 8*0. The results of the temperature, 
pH and oxygen survey are given in Pig. 2. 

The upper pools were distinctly acid. It will be remembered that the same 
pools had a low oxygen content. The pools much exposed to rocks or near 
water flowing over a rock bottom were more alkaline. The presence of many 
leaves made the water m(s^re acid, particularly if the leaves were much broken. 
The more rapid and direc^the flow, the higher the pH. The reduced pH and 




Showing the dissolved oxygen (solid line). pH (broken line), and temperature (dotted line) of Shannon Creek pools. Numbers on the abscissae designate pools in their order 
from Gatun Lake. Those on the ordinates show oxygen in c.c. per litre, temperature in degrees Centigrade and pH. 
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oxygen tension in the upper pools is related in part to the lack of aeration 
after the ground water emerges. 

In addition to the general decrease in jpH in the upper stream there are 
some points of obvious interest in more localised sections. Pool 12 had a 39H 
of 7*3, while No. 13, 20 ft. away and 8 ft. higher, showed 7'9. Both were about 
the same size, being 2 by 3 ft. on the surface and 4 to 6 ins. deep. There were 
no differences in the observed collections that could be attributed with any 
degree of certainty to the difference in pH. A variation of 7-3-7*9 was observed 
on different days in pool 10 without noticeable effect on the animals present, 
Gatun Lake ran a mean pH of 7v5 in the inlet near the opening of Shannon 
Creek. 

The upper pools are decidedly smaller than the lower. The notes on size 
turn from estimated area to estimated gallons. Above No. 17 there was evi- 
dence of lack of permanence during the dry season, which was particularly 
marked above pool 25. Pool 36 seemed more permanent than many below 
and apparently was fed by a fairly constant sea of ground-water. The lack of 
permanence in the upper pools accounts for the lack of fish and shrimps there. 
The former disappear before there is a marked change in dissolved oxygen 
or in pH, and the latter are reduced in numbers before these factors change. 

Except after the semi-occasional rains of the dry season, there is little more 
than ground flow above No. 18. 

The largest number of animals was taken from the largest pool, although 
they were not in greatest concentration. A greater variety was taken in some 
of the smaller pools. 

Pools having leaves on the bottom and a flow of water were more densely 
populated than those with a similar flow", but with little bottom covering. 
There were more animals present when the leaves were massed over rocks than 
when they were over sand or gravel. The marked difference in numbers of 
animals present in pools 12 and 13, which varied markedly in pH, can be 
easily explained on the basis of available cover. 

When one views the differential distribution of animals in this stream in 
the light of the analysis of environmental factors, the observed differences in 
animal life, in oxygen tension, and in pH, all appear to be correlated with such 
conditions as size and permanence of pools, permanence of flow and amount 
of leaves present. In other words, the low oxygen tension and low pH are 
themselves determined by other physical conditions, some of which limit the 
distribution of animal life as well. Consequently, without direct proof, 
observed differences in oxygen and pH cannot be held to be a cause of the 
differential animal distribution in Shannon Creek h 

^ Conversely, it is worth noting that widely differing bodies of water have similar values. 
Thus Gatun Lake (7*6), Great Salt Lake (8-0, based on mid-lake value of 8-3 with corrections 
from McClendon and Medes, p. 117), Lake Michigan (7-9-8*4) and uncontaminated water from 
Woods Hole channel (8 0), to mention only those with which we are personally familiar, present 
a degree of similarity of pH which is not reflected in their animal life. 
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Doubtless both these factors can be and are limiting factors in the dis- 
tribution of animals, yet the analysis of conditions in this tropical stream 
during the dry season, when differences are most marked, supports conclusions 
reached as a result of similar analysis of adlittoral animal distribution at 
Woods Hole, Mass., viz.: The distribution of animal associations normally 
depends on the entire environment and again emphasises the importance of 
the well-known factors of relative location and of character of substratum in 
the distribution of water animals. 
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1. INTRODUCTION 

The dryness of the chalk has been one of its most widely recognised 
characteristics. The North Downs of Surrey and Kent afforded for many 
centuries a highway running east and west when the country on either side 
was too wet and too muddy to allow of easy transport. The ecologist has long 
recognised that the flora is of a xerophytic type and that the water supply is 
one of the chief determining factors of the environment, and yet we have little 
actual data on the subject. 

This paper is a report of a preliminary investigation into the problems 
of the water relations of the chalk vegetation, carried out in the Botanical 
Laboratories of University College, London, under the direction of Dr E. J. 
Salisbury, and included in the present series of publications in order to bring 
together the available data for the English Chalk. As a starting point, it 
seemed essential to have some data as to the actual amount of water present 
in that part of the soil exploited by the roots, and also the range of variation 
in its distribution in time and space; and a record has therefore been made 
of the actual water content of the soil at successive depths from a chalk down 

* Thesis approved for the I)egree of Doctor of Philosophy in the University of London. 
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near Purley in Surrey. A site just below the actual crest, where the ground 
fell away slightly to the south-west, was selected for intensive study, since it 
gave good average results when compared with similar areas in the district; 
and a uniform series of samples was taken from it at four successive depths, 
ranging from the surface to 2 ft. 6 in. approximately, at weekly intervals over 
a period of some 18 months. 

The area studied intensively, and to which all the figures in Table I refer, 
was some 10yds. square: the successive borings for samples being taken at 
least 1 ft. distant from previous ones. 

The surface soil was a brown friable loam (for analyses see Table IV); 
small lumps of chalk up to 0*5 in. (12 mm.) diameter occurred at a depth of 
1 in. (2*5 cm.), and increased in size and frequency until the loam gave way 
to broken chalk at a depth of 8 in. (20 cm.). Solid chalk occurred at 10 in. 
(26 cm.). A few small flints were present, they were only rarely of sufficient 
size to prevent the auger being used at a given spot and chiefly occurred be- 
tween 4 and 8 in. (10 and 20 cm.) below the surface. The values ranged 
from 7*4 at the surface to 7*6 for the underlying chalk. 

The vegetation of the area included Agrostis sp., A vena puhescens, and 
A. pratensis, as the more abundant species, while intermixed with these were 
plants of Beilis perennis, Briza media, Bromus erectus, Chlora perfoliata, 
Fragaria vesca, Galium verum, Gentiana amarella, Linum catharticum, Ophrys 
apifera, Poterium sanguisorba, Prunella vulgaris and Viola hirta. The upper 
3 in. of soil were abundantly occupied by roots, which were less frequent 
in the zone below, while in this area the lowest zone considered was tapped 
only by roots of Galium and Poterium, 

The method employed was to remove the soil on the thread of a large 
auger, since it was found that in this way the soil from the lower levels could 
be removed without contamination from higher levels. The samples were 
immediately transferred to an air-tight box, weighed out in the course of a 
few hours and then dried at 100° C. 

The values of the water content for samjdes taken quite close together 
may differ very appreciably — sometimes the variation amounting to as much as 
3 per cent, at the surface levels for a couj3le of samples within 2 ft. of each 
other. Readings below the surface tend to be much more uniform, but it 
must be borne in mind that variations of this type occur at all the levels 
considered in the present survey; although, as in each case the figures given 
represent the mean value for a set of three samples taken approximately 
within a couple of feet, the effect of such variations is minimised. 

The average value of the water content of the first 9 in. over the whole 
period was 31*7 per cent, (for the first 3 in. 36*8 per cent.), a value comparable 
to the mean value for the surface soil of the Quercus rohur woods of Hertford- 
shire, 29*6 per cent, as recorded by Salisbury (1916), and to the maximum for 
the older sand dunes of Blakeney Point, 35*9 per cent. (Salisbury, 1922). 
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But it is the minimum values which will chiefly determine the charac- 
ter of the vegetation, and whereas the minimum values for surface water 
content for Q, robur and Q. sessilijlora woods recorded by Salisbury, 1916 
and 1918, were 19 per cent, and 18*6 per cent, respectively, the minimum 
recorded for the top 2 in. of a chalk down was 8*58 per cent. It would there- 
fore appear that the soil-water contents of the chalk down exhibit more 
marked fluctuations than those of a mesophytic community ; and while high 
values may be attained, ranging in some instances to 98 per cent., it is the 
very low minimal values which determine to a great extent the character of 
the vegetation. 

II. THE NATURAL WATER CONTENT OF CALCAREOUS SOILS 


Table I. Soil-Water Content of Given Site (see p. 73). 



0-3 in. 

6-9 in. 

12-16 in. 

27-30 in. 

1924 

(0-7-5 cm.) 

(15-22-5 cm.) 

(30-37-5 cm.) 

(68-5-70 cm.) 

Jan. 12 

40-8 

25-0 

22-8 

22-8 

14 

.30-63 

23-30 

21-65 

22-40 

20 

29-45 

26-50 

28-30 

23-79 

27 

26-58 

25-70 

24-68 

26-02 

Fel). 4 

53-84 

27-06 

23-15 

22-32 

0 

46-62 

28-70 

25-78 

27-87 

10 

34-86 

27-04 

29-45 

27-63 

24 

50-48 

30-37 

25-63 

26-42 

Mar. 2 

41-05 

28-13 

20-55 

20-36 

9 

39-47 

30-54 

26-74 

27-06 

10 

35-67 

25-78 

24-84 

27-87 

22 

30-72 

34-93 

25-78 

26-68 

23 

51-97 

.32-73 

27-40 

27-81 

25 

38-21 

31-60 

29-10 

32-12 

30 

45-79 

29-52 

20-20 

.32-28 

Apr. 7 

27-40 

26-26 

26-58 

30-54 

15 

44 40 

33-61 

29-60 

33-52 

22 

42-14 

28-37 

28-21 

27-88 

20 

57-49 

31-17 

27-80 

30-13 

May 3 

44-51 

32-54 

27-31 

30-90 

12 

01-29 

35-59 

30-22 

31-60 

18 

35-22 

27-00 

27-57 

34-93 

27 

53-51 

31-49 

25-63 

28-13 

June 1 

35-89 

30-14 

28-56 

28-20 

15 

39-70 

27-57 

26-58 

26-91 

30 

19-40 

18-17 

19-47 

27-22 

July 13 

12-48 

12-29 

22-32 

23-68 

21 

39-37 

20-55 

20-12 

21-19 

Aug. 4 

40-15 

28-47 

26-42 

26-74 

20 

39-86 

24-68 

27-00 

24-68 

31 

37-81 

28-36 

29-61 

28-30 

Sept. 28 

42-45 

28-13 

28-53 

27-81 

Oct. 5 

41-84 

31-78 

30-37 

31-69 

12 

43-98 

29-95 

32-72 

31-60 

19 

40-80 

26-60 

31-26 

29-82 

20 

41-37 

27-93 

30-10 

29-56 

Nov. 2 

.38-12 

33-71 

30-04 

29-28 

10 

29-53 

27-80 

29-96 

27-24 

15 

51-51 

29-89 

27-64 

32-19 

23 

39-37 

32-28 

30-54 

27-97 

30 

42-41 

31-32 

31-52 

30-04 

Dec. 7 

42-45 

29-20 

29-70 

29-64 

20 

42-69 

31-02 

30-96 

30-67 
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Table I (continued). 



0—3 in. 

6-9 in. 

12-15 in. 

27-30 in. 

1925 

(0-7*5 cm.) 

(15-22*6 cm.) 

(30-37-5 cm.) 

(68-5-76 cm.) 

Jon. 1 

4207 

30-37 

30-72 

34-32 

11 

43- 10 

30-74 

29-88 

30-01 

18 

47-20 

30-26 

30-54 

30-74 

Feb. 1 

54-50 

27-97 

31-66 

31-49 

15 

58-76 

33-42 

34-06 

31-56 

Mar. I 

54-44 

33-16 

26-58 

27-00 

8 

38-80 

30-80 

29-61 

27-06 

22 

44-09 

28-86 

31-23 

28-95 

Apr. 5 

37-74 

27-00 

26-60 

26-59 

19 

39-47 

26-91 

28-94 

31-32 

20 

41-37 

30-54 

28-05 

30-07 

May 3 

40-15 

32-80 

27-65 

31-15 

17 

31-00 

24-48 

27-00 

25-14 

June 3 

18-84 

21-24 

24-93 

24-24 

7 

10-20 

20-05 

23-18 

27-57 

12 

16-89 

16-60 

21-60 

22 32 

17 

13-50 

14-63 

17-91 

19-89 

28 

10-19 

14-74 

16-96 

17-78 

July 0 

8-58 

11-50 

12-37 

16-94 

7 

17-79 

12-12 

10-76 

15-72 

13 

8-80 

12-65 

13-88 

15-34 

19 

8-89 

11-72 

— 

— 

Aug. 8 

29-52 

22-32 

23-15 

23-10 

Mean 1924-5 

30-78 

26-63 

25-84 

27-20 

Maximum 

01-29 

35-59 

34-05 

34-93 

Minimum 

8-58 

11-50 

10-76 

15-34 

Total range of variation 

52-71 

24-00 

23-29 

19-59 


(a) Seasonal Distribution of Water. 

On the site selected for intensive consideration, samples were always taken 
at depths of 0-3 in. (0-7-5 cm.), 0-9 in. (15-22*5 cm.), 12-15 in. (30-37*5 cm.) 
and 27-30 in. (68*5-70 cm.) — and frequently at intermediate levels as well. 

The records were taken at short intervals from January 1st, 1924, to August 
1925, thus covering a variety of weather, beginning with average open winter 
conditions, then a long dry and frosty spell, constituting a spring drought, 
a wet May and early June followed by a short dry spell which was the climax 
of 1924. Subsequent weather was dull and wet so that in most parts of the 
country there were floods from December 1924 to the end of February 1925, 
and even the soil at the surface of the chalk down under consideration some 
400 ft. above sea level was super-saturated for a period of about 7 weeks. 
A comparatively dry spring followed, giving place to a long and critical period 
of drought lasting throughout June and the greater part of July. By the end 
of the first week in August 1925 there was not any apparent vestige of the 
drought effects so far as the actual water content of the soil to a depth of 
30 in. was concerned. 

The rainfall, being the chief source of water supply, determines to a large 
extent the variation of the soil-water content in time, although those factors 
controlling the evaporation from the surface are also of primary importance. 
Church (1922) has stated that the bom’s of rainfall are probably of more 
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eignificance than the actual amount, thus implying the importance attaching 
to the humidity of the atmosphere, and the present records certainly show 
that evaporation is a vital factor influencing the variability of the water 
content of the surface layers of soil. 

Through the kindness of Mr J. E. Clarke I have had access to the daily 
rainfall records for the ridge of down next to that from which the present 
data were taken; this station is rather less than a mile away and the two are 
in positions closely comparable as regards height above sea level, aspect and 
angle of slope. The daily evaporation data have been taken from the nearest 
station at which such records were made (i.e. Addington), and for access to 
these records I am indebted to Mr G. F. Carter. Addington is 5 miles away; 
and while it would be much more satisfactory if the records were obtainable 
from a nearer place, it was felt that the general weather conditions were 
sufficiently similar to supply data from which some conclusions might be 
drawn. (At Addington the evaporation is measured by the fall in level of 
a free water surface.) 

In the accompanying diagram (Fig. 1) the rainfall curve for Purley has 
been shown together with that for evaporation as based on the Addington 
records. It is thus possible to deduce approximately the water available for 
percolation through the soil. This would not be true for many soils, but the 
porosity of the chalk is an important factor and generally speaking very little 
water is lost by surface drainage. 

It must be noted that the exceptionally dry character of the early summer 
of 1926, and the wet season of 1924 render it probable that these data represent 
the range of fluctuation for this type of habitat more nearly than might be 
anticipated from a much longer period of observation. 

At the outset the curves (Fig. 1) show the importance of evaporation as 
a factor influencing the soil-water content. Thus January 1924 was a wetter 
month, i.e. had a greater total rainfall, than February, and yet the surface 
of the ground is wetter in February: this may be accounted for by the fact 
that the latter was a dull foggy month with evaporation only two-thirds of 
that recorded for January. 

During February and March 1924 deposition of moisture was mostly in 
the form of snow, and this remained on the ground for considerable periods. 
The long spell of 41 consecutive ground frosts came to an end on March 22nd, 
by which time the surface soil had become relatively dry, having lost moisture 
steadily during the latter part of this cold period, as a result of the cold and 
dry east winds which were then prevalent. 

By contrast April and May gave high water contents obviously to be 
correlated with the heavy xainfalL A point which is particularly noteworthy 
in the April record is the abnormally low water content at the surface recorded 
for April 7th (27*40%), which would not seem to be satisfactorily explained 
by the previous 10 days’ spell of fine weather, although the evaporation during 
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this period was doubtless an important factor. The effect of this “drying” 
period is also seen at the 6-9 in. level. 

There follows a very wet spell when the surface soil was super-saturated 
for rather less than a month. If the curve for this period is compared with 
that for the other wet period, February 1925, the irregularity of the May curve 
is very apparent. The low values obtaining on April 22nd, May 3rd and 18th, 
were each preceded by spells when the recorded evaporation was more than 
counterbalanced by the rainfall, and it is obvious that they may be directly 
attributed to this. By contrast the February 1925 evaporation was negligible 
and the surface-water content is steadily maintained at a high level through- 
out the wet period. 

In both 1924 and 1925 there is a marked decline in water content, pai*ticu- 
larly at the surface with the onset of the period of greatest vegetative activity 
in the flora. In 1924 this is very noticeable at the end of May and first week 
of June, and seeing that this was a period of high rainfall and that the ground 
was already super-saturated, the sudden fall can scarcely be attributed to the 
weather conditions, and indeed is the opposite of what might be expected. 
In 1925, which was a rather earlier season, all levels show a steady fall early 
in May before the drought set in. 

The dry spell in July 1924 was too short to be of much importance but the 
1926 drought was the most significant period which came under observation. 
No rain fell from May 29th till June 24th, and although there was a slight fall 
then and another on July Oth, it was not until July 18th that the weather 
really broke. 

The period constitutes a rather more severe drought than is usual in this 
country, although scarcely comparable to the exceptional drought of 1921, 
and since it became established early in the year, in a season normally of 
rapid growth, it may be regarded, from an ecological point of view, as of more 
significance than a longer drought occurring when most of the herbaceous 
plants are drying up and ripening their seeds. 

During this time there were fairly heavy dews and an attempt was made 
to see how far they could directly influence the soil-water content. In dealing 
with the usual surface samples of 0-3 in. the dew effect was imperceptible, but 
there was an appreciable difference in the first inch when this was tested 
alone. Thus an average of 12 samples of the top inch (2*5 cm.) of soil taken 
at 4.30 a.m. (June 17th), before the sun reached the down, gave a water 
content of 8*8 per cent. ; the corresponding value taken at 5 p.m. on the 
previous afternoon was 8*2 per cent., which agreed closely with the average 
readings for noon on the second day, 8*16 per cent. Apart from the significance 
which deposition of dew has in depressing the rate of transpiration, its effect 
upon the water content of the top inch of soil is no doubt important in con- 
nection with the surface roots found in many of the grasses present as well as 
those of such plants as Chlora and Thymus (see below, pp. 92, 109). 
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During the later summer period, July to September, when part of the flora 
is dormant (see pp. 119 ei seq,)y the average surface-water content is 24*8 per 
cent, and at 6-9 in. 19*3 per cent., but for June and July alone it is 16-6 per 
cent, and 19*1 per cent, respectively. During the winter months, November to 
January, the corresponding mean values are 41-0 per cent, and 30*7 per cent. 
It must be noted that the range of fluctuation between winter and summer 
values at a depth of 6-9 in. is very much less than at the surface, a fact of 
considerable importance in relation to the depth of penetration of root systems 
(see p. 90). 

Once the summer had passed its climax the water contents during the 
decline of the year tended to be less variable, as was also the weather. It is 
noteworthy that a spell of fine frosty weather, such as that occurring in November 
1924, is at once effective in reducing the surface-water content. 

{h) Vertical Distribution of Water. 

As has already been mentioned, the soil samples from the site selected 
for intensive consideration were always taken at depths of 0 -3 in. (0 7*5 cm.), 
6-9 in. (15- 22*5 cm.), 12-15 in. (30-37*5 cm.) and 27-30 in. (68*5 76 cm.); 
they were frequently taken at intermediate levels as well. 

During periods of drought the water content was found to increase with 
increasing depth, this being the more marked the longer the continuation of 
the dry spell. But for the greater part of the year, especially during and 
immediately after rainy periods, the soil was wettest at the surface, the water 
content decreasing with increasing depth. Frequently, however, it was found 
that the driest zone examined was at 12-15 in. and that there was a subse- 
quent rise of water content in the foot or so below. This was hardly to be 
expected, and consideration of this point must be deferred (see p. 80). 

Considering the top 3 in. of soil, it was found that the mean water-content 
value for the whole period was 36*8 per cent, and the range of variation 
52 per cent, (see Fig. 2). At saturation the water content was 45*5 per cent, 
and the records show that the surface layer was super-saturated on seven 
separate occasions during 1924 and for a period of over 6 weeks during 
January and February 1925. 

The maximum recorded for the surface was 61 per cent, on May 12th, 1924, 
after a long wet spell which similarly influenced the 6-9 in. level, as the maxima 
recorded for the two levels occurred on the same day. 

Values considerably over 61 per cent, were recorded for the surface of 
Farthing Down, another chalk area some 2 miles distant, where a close turf 
extends over a treeless down for several square miles, but where the top soil 
to a depth of 7 in. or more consists of a thoroughly leached layer of dark 
loamy soil, destitute of CaCOg, sharply delimited by a compact layer of large 
flints from the chalk below. Here values up to 98*4 per cent, of water at the 
surface were recorded, but this appears to be exceptional. 
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The lowest value obtained for the water content of the surface was 8-58 per 
cent. This was recorded on July 6th, 1925, after almost 6 weeks of drought. 
A slight rainfall caused a sharp rise in the surface-water content next day but 
in less than a week the effect of this was scarcely perceptible, and although 
the drought lasted another week the surface did not become any drier. 
Although the evidence available is insufficient to form the basis of any con- 
clusion, it is possible that some kind of equilibrium between loss by evaporation 
and gain by capillary supply from below may have been established at this 
value. For 7 weeks the upper 3 in. of the soil had been the driest part, and, 
as will be shown later, there are a number of plants, including the bulk of 
the grasses, which are chiefly dependent on this zone for their water supply, yet 
none of these appeared to be seriously affected. 

It would appear from the literature that this minimum water content for 
the top 3 in. of soil, i.e. 8*58 per cent., is much louver than is usual in meso- 
phytic communities; and experiment showed that only some 3-4 per cent, 
of this was available to the plants (see p. 123 d ficq.), while under certain 
conditions a water content of over 10 per cent, was found to be insufficient 
to support the life of certain species. It must be pointed out that where 
minimal values lower than 8*58 per cent, are recorded, as for the Cottonwood 
Dune Association (Fuller, 1912) with a minimum of 2 per cent., and as also 
occurs on the young dunes at Blakeney, the surface is unscreened by a con- 
tinuous carpet of vegetation. 

Below the surface 3 in. the water conditions at subsequent levels examined 
were much less variable, chiefly because they are influenced to a very much 
smaller degree by evaporation, and there appears to be a definite correlation 
between the curves obtained for the several zones. 

At a depth of 6 9 in. the range of variation in the water-content values 
was 24 per cent, or rather less than half that experienced at the surface; 
though approximately the same as at 12-15 in. 

The lag between precipitation and rise in water content, which is so con- 
spicuous a feature of the deeper chalk, where it amounts roughly to 3 months, 
is of comparatively little importance in the region exploited by the roots of 
herbaceous plants. Between the surface and the 6-9 in. level the lag amounts, 
on the average, to rather less than a day. It will be noticed that the maxima 
recorded for the two levels coincide, occurring on May 12th, 1924; and during 
dry spells, as in July 1925, a heavy fall of rain will make an increase in the 
water content at 6-9 in. within 24 hours. 

During this dry spell in 1 925 some watering experiments were carried out, 
and the results obtained give a rough indication of the normal lag in a dry 
chalky soil. When a gallon of water was evenly distributed over a square yard 
of ground the lag was found to be between 18 and 20 hours at 6-9 in. depth. 

Except during the summer drought of 1925, there was only one occasion 
upon which the water content at 6 -9 in. was greater than that for the surface. 
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This was on March 22nd, 1924, at the end of a long spell of dry frosty weather, 
to which reference has already been made; but it is worth remarking here the 
similarity of effect between spring and summer droughts. 

A consideration of the lower levels, i.e. 12-15 in. and 27-30 in., shows the 
range of fluctuation in the water content to be only slightly less than that for 
6-9 in. (see Fig. 2, also Table I). 

The lag between the rainfall and the water-content values at 12-15 in. 
may vary between 2 and 4 days, and it is probable that this variability may 
be accounted for by the difference in depth at which the fairly loose chalk gives 



Fill. 2. Composite diagram showing the mean water (jontent at four different soil depths over a 
period of eighteen months, and also the range of variation experienced at these levels during 
the same period. The organic content at the different levels is also s^own. 


place to the underlying solid rock and the nature of this transition zone. The 
rate of percolation depends on other factors than soil texture and the amount 
of moisture present in the soil may be of more importance. 

At a depth of 27-30 in. the lag experienced may vary between 5 and 8 days, 
but such general trends at this level would seem to be frequently masked by 
other movements of water in the soil. 

Taking the mean water content for the whole period, it is found that the 
12-15 in. level tends to be the driest, and in the light of certain other observa- 
tions this seems to be significant. Thus, if the records for 1924 alone are con- 
sidered, it is found that the zone which showed the least variation was the 
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12-15 in. level — a quite unexpected result. Further, it will be noticed that 
there is sometimes a marked rise in the water content at 27-30 in. which it 
seems difficult to attribute to percolation (e.g. January 1st, 1925, or June 
7th, 1925). It therefore seems probable that some factor is operating on the 
water content at 27-30 in. more actively than on the levels above. 

Isolating part of the curves for the two lower levels, it will be noticed that 
a rise of water content in the lowest zone may frequently be followed some days 
later by a rise in the 12-15 in. level, e.g. November 15th, 1924. This may be 
interpreted as indicating an upward movement of water in the soil, by 
capillarity. It therefore seems that some of the high values obtained for the 
27-30 in. level are due not only to the water present as a result of percolation, 
but also to a supply of water travelling upwards from the region of the 
permanent water table by capillarity. 

This upward movement of water would also explain the steady absolute 
rise recorded at 27-30 in. throughout March 1924, which was a period of spring 
drought, this rise being present, but less marked in the 12-15 in. zone, and 
just appreciable at 6-9 in. 

Many years ago Ansted showed that under experimental conditions water 
will rise in chalk by capillary action for a distance of 16 ft., and it would seem 
that this force is of considerable importance in natural chalk soils. 

(c) Effect of Slope and Vegetative Covering on Water Content. 

Table II. Wafer Contents of Crest and Slope. 

(Percentages of water.) 




0-3 in. 

6-9 in. 

12-15 in. 

27-30 in. 



(0-7*5 cm.) 

(15-22*5 cm.) 

(30-37*5 cm.) 

(68*5-76 cm.) 

Mar. 9 

Crest 

36*33 

27*03 

25*63 

27*06 


Slope 

35*49 

27*22 

24*60 

20-49 

Mar. 9 

Crest 

39*47 

30*54 

26*74 

27*07 


Slope 

33*33 

25*63 

23*79 

25*39 

Mar. 25 

Crest 

38*21 

31*60 

29*10 

32*12 


Slope 

45*45 

24*68 

23*15 

24*08 

May 12 

Crest 

61*29 

3559 

30 22 

31*60 

Slope 

44*30 

35 32 

26*58 

26*18 

May 18 

Crest 

35 22 

27:06 

27*57 

34*93 

Slope 

43*47 

25*94 

27*00 

26*26 

July 21 

Crest 

39*37 

2055 

20*12 

21*19 

Slope 

34*76 

17*16 

15*74 

17*55 


One fact which has appeared quite clearly during the investigation is 
shown in Table II — that the steeper slopes of the down tend to have a lower 
water content than the crest. (Readings were taken half-way between the 
top of the down and the valley floor, where the slope had an angle of some 23°. ) 

It is naturally to be expected that the surface layers of the slope would 
lose the water falling upon them more rapidly than the comparatively dry 
crest owing to surface drainage and that this would indirectly influence the 
Journ. of Ecology XV 6 
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water content below the surface. But, owing to its porosity, there is far less 
surface drainage on the chalk than on most soils, and, to a certain extent, the 
central part of the slope, which is the part here under consideration, would, if 
surface drainage were important, tend to receive more water from the higher 
levels than had originally fallen upon its surface. Again, the increased ex- 
posure at the crest favours evaporation and would tend to keep the soil there 
dry. It is, therefore, somewhat unexpected to find that on the average not only 
is the water content at the surface rather greater at the crest than on the slope, 
but that there is a very definite tendency for this difference to increase with 
depth (see Fig. 3), so that at 27-30 in. the soil on the slope is usually con- 



Depth in inches 

Fig. 3. Composit-e diagram showing the average percentage water content on the crest and slope 
of the down based on six series of records, 

siderably drier than at the crest. At this depth the chemical composition of 
the soil is approximately equivalent for the two stations, giving over 90 per 
cent, calcium carbonate. 

That the dryness of the slopes in comparison to the crest was not merely 
a local phenomenon was shown by the agreement of similar records from the 
Chilterns near Tring and from other areas ; and, moreover, since such general 
tendencies were found to be true of slopes with S.W., N.W. and N.E. aspects, 
it is obvious that they were not due to differences in insolation or precipitation 
per unit area. 

The factor which usually shows the closest correlation to the water content 
variations in calcareous soils is the organic content, and the accompanying 
Table III shows the average organic content of the soil on crest and slope, 
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together with the average water contents of several series taken at correspond- 
ing times for the two positions. 

Table III. Average Organic and Water Contents, 

Crest Slope 

t '' ( ^ 



Organic 

Water 

Organic 

Water 

0^3 in. 

10-75 

46-98 

9-09 

46-94 

6-9 in. 

3-06 

29-54 

3-16 

28-29 

12-ir3in. 

MB 

28-67 

0-80 

27-42 

27-30 in. 

0-45 

30-86 

0-62 

27-63 


But these data show a lack of correlation between the water contents and 
the organic contents. This is most striking at the lowest level, which, being the 
zone least subject to leaching, makes it clear that the ‘^clay” fraction (see 
p. 84) is not the disturbing factor, and this is further borne out by the fact that 
the surface layer exhibits the closest correspondence. The discrepancy being 
greatest at the lowest level, the probability is that the difference in water 
content between crest and slope is dependent on differences in capillary water 
supply. 

It was found that when the covering of vegetation was removed, together 
with the top inch of soil, there was a marked decrease in water content — and 
not only is the bare chalky soil more dry at the surface, but the difference is 
even more strongly pronounced for the deeper levels. The portion of soil 
removed with the vegetation was of course the layer with the highest organic 
content and this may have been as important a factor in influencing the 
water content as was the grassy covering itself; but apart from this the 
higher temperature (Kraus, 1911) would have favoured evaporation from the 
bare chalky surface. 


Table IV. 

Water Content of Bare and Grass-Covered Surfaces, 



0-3 in. 

9-12 in. 

24-27 in. 



(0-7-5 cm.) 

(22-5-30 cm.) 

(61-68-5 cm.) 

Dec. 10 

Bare 

19-26 

19-40 

12-04 


Grass 

26-26 

24-21 

19-40 

Dec. 16 

Bare 

25-03 

21-36 

18-35 


Grass 

26-74 

25-16 

24-84 


Note. — I n each instance the readings forming pairs were taken within 6 ft. of each other. 

(d) Relation of Water Content to CaCOg, ‘‘Clay” and 
Organic Material. 

Reference has previously been .made (p. 73) to the variations in water 
content which may occur in samples taken but a foot or two away from each 
other, and in this connection an attempt has been made to throw light on the 
relations between the water and some of the other soil constituents. 

Samples were collected in the usual way, and after drying at 100° C. the 
total carbonates present were ascertained by means of a calcimet?r. In order 
to determine the humus, and the residual inorganic content, a weighed 

6—2 
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quantity of the dry soil was ignited so as to leave only inorganic ash, but it 
was found that this method was unsatisfactory, since the carbon dioxide was 
only driven off from the carbonates with great difficulty. The following 
method was therefore adopted: 5gm. of oven-dried soil were treated with 
5 per cent. HCl until all the carbonates had been acted upon, the sample 
being then filtered through an ashless filter paper and dried. The loss on 
ignition is taken as the organic content and the residue as representing 
approximately the “clay” fraction. 

When the results are plotted it is found that the curve for water content, 
while not following closely the curve for any one of the soil fractions, bears 
a more definite relationship to the organic content curve than to any other. 
This is particularly well shown for November 9th, 1924 (Fig. 4), where the 
remarkable rise in water content at 12-15 in. is to be correlated with a heavy 
rainfall 8 days previously, percolation having presumably been rather slower 
than usual owing to the somewhat high organic content. Considering the 
two sets of curves for December 7th, 1924 (Fig. 5), the correlation between 
water and organic content is again seen and is particularly convincing for the 
slope. Bearing in mind that the daily fluctuations in rainfall, percolation and 
evaporation have a continuous influence on the water-content curve, it is all 
the more remarkable that the relationship between the two appears so clearly. 
It must be noted that the highest water contents obtained for any open chalk 
down in the district always come from Farthing Down, the black loamy surface 
layer of which has an organic content of 26*9 per cent., or nearly three times 
that at the surface of the area under intensive examination. 

These points, considered in conjunction with the previous evidence with 
regard to water variations on crest and slope, and on bare soil and that with 
a grassy covering, all tend to emphasise the importance of the organic content 
in influencing the water content (see Fig. 6, p. 87). 

The accompanying Table V (p. 86) shows the soil analyses and water 
contents for a number of series together with the average values obtaining 
at the different depths. 

Presumably the water in a given sample of chalk soil is roughly equivalent 
to that held by the calcium carbonate, together with the “clay” fraction and 
the organic material respectively. If we may assume that at the saturation 
point the water present is held by each factor to its utmost capacity, we can 
equate the CaCOg together with the “clay” and organic fractions to the water 
content, and by a series of such equations, deduce approximately the values 
as to the water-holding capacity of the respective soil fractions. The relative 
values thus evolved were : 

CaCOg 0-2 

“Clay” 0-6 

Organic 1-75 

It was fo;und possible to check the first by finding the water-holding 
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capacity for a block of pure chalk, this was 20*02 per cent, or approximately 
0-2 of the dry weight, a value which is thus seen to agree closely with the value 
deduced on theoretical grounds. The values for all these soil fractions were 
found to be roughly correct for the various series obtained, whether for crest 
or slope of the down, and it may therefore be considered that the organic 


Table V. Soil Analyses, 

(Percentage values.) 



Depth 

(in.) 

Water 

Total car- 
bonates (chiefly 
CaCOg) 

X 

Clay and sand 

y 

Organic 

Nov. 2 

0-3 

3812 

58-21 

32-07 

9-72 


6-9 

33-71 

72-26 

24-87 

2-85 


12-15 

3004 

96-65 

2-91 

0-43 


27-30 

29-28 

97-18 

2-77 

0-05 

Nov. 9 

0-3 

29-53 

70-37 

24-23 

3-40 


6-9 

27-80 

80 06 

14-13 

2-81 


12-15 

29-96 

91-36 

6-01 

2-74 


27-30 

27-24 

95-77 

2-89 

1-34 

Nov. 16 

0-3 

51-51 

48-15 

37-41 

14-44 

Crest 

6-9 

29-89 

70-40 

26-60 

3-60 


12-15 

27-64 

91-20 

6-40 

2-40 


27-30 

32-19 

95-90 

3-76 

0-34 

Nov. 16 

0-3 

43-57 

66-07 

26-64 

7-29 

Slope 

6-9 

28-54 

73-55“ ' ’ 

23-41 

2-83 


12-15 

29-45 

85-06 

14-00 

0 94 


27-30 

29-72 

91-86 

6-88 

1 26 

Nov. 23 

0-3 

39-37 

53-66 

34-12 

12-22 


6-9 

32-28 

75-20 

21-84 

2-96 


12-15 

30-54 

93-80 

4-94 

1-26 


27-30 

27-97 

96-65 

2-64 

0-76 

Nov. 30 

0-3 

42-41 

53-06 

32-40 

14-54 


6-9 

31-32 

80-86 

17-14 

2-00 


12-15 

31-52 

93-60 

6-56 

0-00 


27-30 

30-04 

96-61 

3-88 

0-00 

Dec. 7 

0-3 

42-45 

50-92 

38-84 

10-24 

Crest 

6-9 

29-20 

68-96 

26-88 

4-16 


12-15 

29-70 

94-86 

4-90 

0-24 


27-30 

29-54 

94-66 

5-08 

0-20 

Dec. 7 

0-3 

50-37 

50-96 

38-14 

10-90 

Slope 

6-9 

28-05 

56-94 

39-36 

3-70 


12-15 

25-39 

69-60 

29-74 

0-60 


27-30 

25-54 

89-86 

10-54 

0-00 

Averages 

0-3 

36-78 

54-99 

33-17 

10-75 

Crest 

6-9 

26-63 

74-62 

21-81 

3-06 


12-15 

25-84 

93 58 

5-29 

1-18 


27-30 

27-20 

; 96-13 

3-51 

0-45 


fraction tends to hold nearly nine times, and the **clay’’ fraction throe times, 
as much water as the chalk itself. 

The impure clay fraction as defined above in the typical chalk-dowin soils 
examined may be nearly 39 per cent, at the surface or as low as 24 per cent., 
whilst in all the samples examined there is a continuous decrease in the clayey 
residue as we descend, and at a depth of 27-30 in. this ranges from 2-6 per cent. 
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to 5*1 per cent, (or 10*5 per cent, on the slope). Such a definite gradient shows 
that the high values for the non-calcareous fractions at the surface are the 
result of leaching and are not the outcome of transport of material. 

Where clay pockets occur in the chalk, they are found to be generally 
moister than the surrounding chalk, this being in agreement with the greater 
water-holding power of the “clay” fraction as shown above. 

The following example shows the order of difference which may occur, 
the two sets of readings being taken from points 4 ft. apart: 


17. ii. 1924 

0-3 in. 

6-9 in. 

12-15 in. 

27-30 in. 

Clay pocket 

50-6 

45-7 

40-2 

38-6 

Chalk 

,^)l-3 

36- 1 

30-4 

27-3 



Fia. 0. A composite diagram showing the average of nine scries of soil analyses. It will be ob- 
served that the water curve approximates more closely to the organic, than to any other shown. 

( e ) Soil Aeration. 

An attempt has been made to find the proportion of air in the chalk soil 
by using alcohol to displace the air from a block of undisturbed soil of known 
volume. 

A cylindrical steel borer was used at first to obtain samples of earth, but 
it was found that although this cut a neat block and extracted it efficiently 
from the soil, it could not be removed from the instrument without undue 
compression or disorganisation. It was found that the most satisfactory 
method was to cut out blocks of soil with a knife and in this way several 
series were obtained. 
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Where the surface-water content had an average value of 44 per cent, a 
series of seven samples from the same horizon gave an average air content 
of 26*1 per cent, by volume. 

For a rather higher water content (viz. 58 per cent.), the air content was, 
as would be expected, slightly less, viz. 24*5 per cent. 

The method is perhaps most useful in affording a basis for comparison of 
the air content of the soil at various depths, and the results of five series of 
readings taken from the area of down intensively studied may be summarised, 
thus: 


Depth 

Average air content 

(in.) 

0/ 

/o 

0-1 

25-9 

1-2 

21-5 

3-4 

12-2 


The surface soil here had an average CaCOg content of 55 per cent. ; while 
for a slightly more leached, though otherwise comparable area on the same 
range of downs and with a CaCOg content of 38 per cent., the corresponding 
values obtained were as follows : 


Depth 

Average air content 

(in.) 

7o 

0-1 

11-9 

1-2 

10-5 

3-4 

9*6 


All the above values refer to the open grass-covered down, and they may 
be compared with the results obtained for the surface soil of an oak-hazel 
coppice on clay with flints overlying the chalk, and situated on the opposite 
slope of the valley. Here an average of six readings gave 10*4 per cent, air 
content for the surface clay in the wood and on the same day 24*5 per cent, 
for the surface of the open down. 

It is therefore apparent that the calcareous soil of a chalk down is well 
aerated and thus favourable to the development of deep root systems. 

III. THE ROOT SYSTEMS OF CHALK PLANTS 

The study of the distribution of water in the soil is a necessary preliminary 
to the study of the water problems of the plants themselves, foremost in 
which an attempt has been made to study the root distribution of rather more 
than fifty species of the chalk down flora. 

Considering first the depth of penetration, there was found to be a well- 
marked range of variation amongst the herbaceous plants of these calcareous 
grass lands. As has been pointed out by Tansley and Adamson (1925), there 
is nothing comparable here to the conditions obtaining in American grass 
lands as described for the prairies of Nebraska by Weaver (1919, 1920), where 
only 14 per cent, of the perennials described have root systems less than 3| ft. 
deep. 
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On our own chalk downs the upper 3 in. of soil are very fully occupied 
by the roots of the dominant grasses, and while the roots of such plants as 
Convolvulus arvensis and Centaurea scabiosa, which are not typical members 
of the chalk grass-land community, were found to penetrate into the solid 
chalk rock to a depth of more than 4 ft., some of the characteristic plants 
may have roots 2J ft. deep but seldom more. 

For practical purposes three classes of root systems have been recognised, 
the divisions, being purely arbitrary, are as follows : 





Fig. 7. Diagram of the rooting depths of certain chalk plants; the thick line shows the average 
zone at which the maximum development of feeding roots occur, while the thinner line shows 
the maximum depth of penetration attained. Above, plants of Group A. Below, plants of 
Group B. 

A. Plants with roots usually confined to top 6 in. of soil (Fig. 1 A). 

B. Plants with roots to depth of more than 6 in. and up to 1 5 in. (Fig. 7 JB). 

C. Plants with roots to depth of more than 15 in. (Fig. 8). 

Descriptions of the root systems of some of the more characteristic species 

of the chalk down follow: except where mentioned, the descriptions refer to 
specimens from the same stretch of down as that to which the bulk of the 
water-content data refer, or to neighbouring areas of strictly comparable 
structure. The figures given for the average working depth indicate the zone 
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at which the chief feeding roots occur. It was found that the mean of the 
average working depths for some 50 typical species was 4-8 in., while their 
mean maximum penetration was 12-1 in. 

It is significant that among these plants the maximum number of feeding 
roots occur at a level in the soil at which we can assume the most happy 
combination of factors to obtain. Thus, as we descend^ the air space in the soil 
diminishes, although the gradient is not so marked as in woodland soils 
(E. J. Salisbury, 1925). Consideration of the minimum water content ex- 



Fio. 8. Diagram of the rooting depths of Group C. Notation as in Fig. 7. 

perienced at the various levels examined (see Table I) show that the 6-9 in. 
zone tends to be less dry than the zones either above or below, and it is these 
minimal values which are of prime importance. Againi while the range of 
fluctuation of water content is much greater at the surface, it shows no signi- 
ficant diminution between the 6-9 in. zone and that at 12-15 in. It is therefore 
at a short distance below the surface that the optimum combination between 
factors of water content and aeration probably occurs. 

Of the sixteen most characteristic calcicole species examined, eleven ^ have 

^ A^uga charnaepitySf Anemone Pulsatilla^ Asperula cynanchica, Oentiana amarella, Linum 
caiharlicumy Ophrys aptfera^ Teucrium botrys, Filipendula hexapetala^ Bromus erectus, Chlora 
perfoliata and A vena pubescens. 
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a maximum penetration of from 3-2 to 6 in., four ^ show a maximum penetration 
of from 12 to 34 in., whilst Carlina vulgaris has a maximum penetration of 8-8in. 

Group A, 

Ajuga chamaepitys (4 plants examined). 

Average working depth, 1-2 in.; maximum penetration, 3*2 in. ; average 
spread, 1*8 in. 

The specimens occurred on a shallow bed of gravel overlying the chalk, 
they possessed a sturdy whitish root system with but few branches and a tap 
root distinguishable throughout. The root hairs were few and scattered, and 
no mycorrhizal filaments appeared to be associated with the root system. 

Anemone pulsatilla (3 plants examined). 

Average working depth, 0*5-2*5in. ; maximum penetration, 3*5 in.; 
average spread, 2*5 in. 

The specimens occurred on a soil similar to that described on p. 73. 

There is a strong woody rhizome about 1*5 in. below the surface of the soil 
which gives ofi a number of adventitious roots with a smooth brown cork and 
only very occasional branches. The outer layer appears to be suberised from the 
tip of the root, and no root hairs were observed. Hyphae showing clamp con- 
nections were found outside the root and associated with the outer cortical cells. 

Asperula cynanchica (4 plants examined from Farthing Down). 

Average working depth, 0-1*5 in.; maximum penetration, 6 in.; average 
spread, 7*5 in. 

This plant possesses a strongly-developed system of red-brown wiry roots 
in the surface layer of soil, these have a soft cortex which appears to disintegrate 
very readily, after which it often becomes associated with fungal hyphae. 
Koot hairs are not abundant, averaging 4 per 0*1 mm. at a depth of 1 in. but 
on the finer rootlets nearer to the surface there were on an average 12 per 
0*1 min. Septate root hairs were seen in several instances. 

One or more anchoring roots were found on each plant, penetrating to a 
depth of 5 or 6 in.; these bore only a very occasional hair, but fungal hyphae 
were more abundant than on the upper roots. 

Avena puhescens (6 plants examined). 

Average working depth, 0-2*5 in. ; maximum penetration, 4*5 in. ; average 
spread, 5 in. 

This plant has a luxuriant crop of white fibrous roots well branched and 
forming a dense network in the soil occupied. The root hairs were well developed 
and abundant, occurring from the very short meristematic region at the tip 
upwards for about an inch, after which they become disintegrated. Fungal 
hyphae were present around the roots but no connection was traced. 

Bromus erectus (6 jilants examined). 

Average working depth, 0-3 in. ; maximum penetration, 5 in. ; average 
spread, 4 in. 

^ Anthyllia vulmraria, Hippocrepis comom^ Poferium sanguisorba, Scabiosa columbaria. 
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A very large number of brown fibrous roots are produced radiating in 
every direction from the crown, and bearing a few laterals. The roots are well 
provided with hairs throughout their length, and, although in places fungal 
filaments were entangled with the hairs, they did not appear to be present in 
any part of the cortex. 

Chlora 'perfoliata. Fig. 9 (17 plants examined from chalk). 

Average working depth, 0-3*5 in.; maximum penetration, 5*3 in.; average 
spread, 2*5 in. 

A white and somewhat fleshy root system in which the main axis is generally 
conspicuous for about half its extent ; in relation to the size of the plant the 
system is somewhat poorly developed. The root hairs chiefly occur in scattered 



zones some 0*5 cm. long and in these patches they are very numerous; local 
thickened yellowish zones occur behind these, and were seen to be* the seat of 
concentrated mycorrhizal infection, and the broken-down root hairs found 
at such places seemed to show a certain relation between the root hair and 
fungal zones. 

A characteristic feature of these root systems was the presence of one, 
two or three long, delicate and unbranched roots given off from the main 
root just below the surface of the soil and running out horizontally; these 
were practically without root hairs nor were any fungal hyphae associated 
with them. 

Cephalanthera pallens (3 plants examined from shallow soil, solid chalk at 
depth of 6 in.). This is a woodland, not a chalk grass-land plant. 
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Average working depth, 3~4*6in.; maximum penetration, 6 in.; average 
spread, 3*6 in. 

No tuber was present; from the stem base, some 3 in. below the surface 
of the ground, 8-10 thick fleshy roots were given off diagonally. Boot hairs 
were abundant and most of the cells of the cortex contained mycorrhizal 
fungi in typical masses, 

Fragaria vesca, Fig. 10 (6 plants Examined). This woodland species is 
locally abundant on chalk grass land. 

Average working depth, 2-4*5 in.; maximum penetration, 6*5 in.; average 
spread, 4*5 in. 



The root system is coarse and fibrous, and in relation to the size of the plant 
is abundantly developed. The root hairs are not abundant and are very 
irregularly distributed, and while 1 mm. may be destitute of hairs the next 
may bear 35-40. Fungal hyphae are usually abundant and appear to be 
definitely associated with the cortical cells. 

Gentiana amarella, Fig. 11 (10 plants examined). 

Average working depth, 0*5-3 in. ; maximum penetration, 4 in.; average 
spread, 1*5 in. 

The root system is a bright yellow in colour with local tendencies to 
become greenish. The tap root is generally distinguishable throughout its 
length and both this and the few laterals are thick and strongly developed in 
relation to the size of the plant. The laterals are given off at wide angles. 
Very few root hairs occur, averaging 3 per 1 mm., but a most luxuriant crop 
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of root hairs developed on specimens grown in water for 6 weeks. No fungal 
hyphae appeared to be present on the majority of plants examined, but three 
had several areas on the upper laterals where fungal filaments appeared to be 
associated with cells of the outer cortex. 

Hieracium pilosella (10 plants examined). 

Average working depth, 1-3 in. ; maximum penetration, 4*5 in. ; average 
spread, 4 in. 

Since the plant tends to occur in patches, spreading by vegetative means, 
the spread of a single root system is apt to vary considerably according to the 



Fig. 11. Gentinnaamarella. f Natural size. Fia. 12. Linurn catharticum. Natural size. 


degree of disintegration of the older parts of the rhizome ; the latter is a strong 
and slightly swollen organ bearing some 10-20 rather coarse white roots 
(2-3 in. long) which travel diagonally through the soil and have but a few 
small branches. Many of these branches were destitute of root hairs, while 
no part of the root system had an average of more than 12 root hairs per 1 mm. 
Fungal hyphae were abundant around the root and between the cells of the 
cortical region, in several instances the hyphae appeared to be associated 
with the root cap itself. 

Linum catharticum, Fig. 12 (12 plants examined). 

Average working depth, 0*5-3 in. ; maximum penetration, 4 in. ; average 
spread, 2 in. 

The root system is a very delicate and well-branched structure, the main 
axis being readily distinguished for about half the extent of the root system. 
The root hairs are fairly evenly distributed and average 60 per 1 mm. ; they 
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may appear almost at the tip itself and appear to be well established in the 
region immediately behind, and may be found, though in less abundance, 
right back to the base of the stem. Fungal filaments were seen between the 
cortical cells and dark spore masses were also detected here in two instances. 
The hyphae were more abundant in slightly yellowish zones. 

Ophrys apifera. Fig. 13 (25 plants examined). 

Average working depth, 1-3 in. ; maximum penetration, 3-5 in. ; average 
spread, 1-8 in. 



The most conspicuous feature of this root system is the large white fleshy 
tuber, more or less egg-shaped, from the crown of which arise 3-7 thick fleshy 
white roots, unbranched and brittle. The new tuber arises in early spring 
alongside the old one, which is exhausted by flowering time. The endotrophic 
mycorrhiza is too well known to require description here, but it may be noted 
that the process of infection via a root hair was frequently seen. The root hairs 
are fairly evenly distributed and average 110 per mm. 

Polygala vulgaris. Fig. 14 (10 plants examined). 
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Average working depth, 1-3 in.; maximum penetration, 5 in.; average 
spread, 2*5 in. 

This has a system of sturdy white roots, the main axis usually remaining 
distinguishable throughout its 
length and the laterals given off 
at wide angles. There are only 
very few root hairs, never more 
than 5 per 1 mm., and many of 
the young laterals are quite 
destitute of hairs. Distally many 
of the roots bear zones of endo- 
trophic mycorrhiza, and here 
the plant would seem to respond 
by casting off the outer cortical 
layers. 

Plantago lanceolatay Fig. 15 
shows a specimen with excep- 
tionally deep roots from a loose 
chalk cliff. 

Six plants were examined 
from the chalk down and these 
had an average working depth 
of 1*5-3 in.; maximum penetra- 
tion, 5*5 in, ; average spread, 3 in. 

Numerous roots are given 
off from an oblique and sturdy 
rhizome. The roots are but 
slightly branched, but the root 
hairs are abundant and well 
distributed. Occasional fungal 
hyphae were seen and they 
appear to ramify on and between 
the outer cells of the root. 

Spirea filipendula {Filipen- 
dulahexapetala), Fig. 16(6 plants 
from Farthing Down examined). 

Average working depth, 1*5- 

3*8 in. ; maximum penetration, Fiq, 15 , Plantago lanceolata irom a much fissured chalky 
5 in. ; average spread, 3*5 in. cliff at Folkestone. The root development is greater 

The plant has a very occur on the open down, 

characteristic root system ; the ^ Natural size. 

main axis divides into two or three strong dark brown limbs about lin. 
below the surface. The main laterals bear swellings nearly as large as an 



r® 
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acorn towards their distal ends, and while starch is practically absent 
from the normal portions of the root, the swellings are richly stored with it. 
A few small secondary laterals are produced, whicli may branch sparingly, 
but all seem to have a brown corky covering which may account for the 
fact that no root hairs were seen on any part of the system. A very few^ 
hyphae were found to be present, being detected between some of the outer 
cells when the roots were teased out. 

TeAic/rium botrys (4 plants examined from shallow gravel overlying chalk). 

Average working depth, 1-3 in.; maximum penetration, 4-5 in.; average 
spread, 1*5 in. 



Fio. Hi. S^jlrm Jilipenduki (FUipenflula hcxapetala). ^ Natural 


1'here is a sturdy but ])oorly branched system with a distinct tap root. The 
root hairs were evenly distributed and frequent, averaging 85 per 1 mm. No 
mycorrhizal fungi were observed. 

Viola hiria (6 plants examined). 

Average working depth, 0*5-4 in. ; maximum penetration, (>*3 in. ; average 
spread, 3*5 in. 

This has a strongly developed system, with numerous white roots arising 
from a stout rhizome obliquely placed in the soil and apparently much 
contracted. 

Joiirn. of Ecology XV 7 
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The adventitious roots may be 3-4 in. long and are richly branched. The 
root hairs, which are short and rather thick walled, are unevenly distributed, 
averaging 220 per mm. Occasional fungal hyphae appeared to be associated 
with the roots, although the latter were mostly free from fungi. 


Group B. 

Achillea millefolium (6 plants examined). 

Average working depth, 2-4*5 in. ; maximum penetration, 8*5 in. ; average 
.spread, 3*5 in. 

Adventitious roots some 2-3 in. in length are given off from a rhizome 
which is more or less horizontal in the soil, and which in a loosely knit chalk 
soil is more deeply buried than in a compact one. Boot hairs are frequent, 
well developed and evenly distributed, and fungal filaments, though few in 
number, appeared to be associated with the roots. 

Anthyllis vulneraria, Fig. 17 (15 plants examined). 

Average working depth, 3-8 in.; maximum penetration, 12*5 in.; average 
spread, 3 in. 

This root system showed a wider range of variation than that of any other 
plant considered in the present investigation. In one instance the main tap 
root (13 in. long) was the chief feature and bore but five scattered laterals all 
less than 4 in. long; the spread was not greater than 2*5 in. in any direction 
from the crown. Another plant growing less than 6 ft. away had no clearly 
defined tap root, since the main axis divided into three parts within | in. from 
the soil surface, and a well-branched root system was formed with a spread 
of 4*4 and 5 in. in different directions, the maximum penetration in this in- 
stance being only 5 in. The number of bacterial nodules varied considerably 
with different plants. No fungal hyphae were seen, the root hairs were abundant 
on the younger parts of the roots, averaging as much as 350 per 1 mm., but 
they would not appear to persist for long, and none of healthy appearance 
were seen more than 4 cm. from the root tip. 

Carlinn vulgaris, Fig. 18 (6 plants examined). 

Average working depth, 1*5-6 in. ; maximum penetration, 8*8 in. ; average 
spread, 2*5 in. 

The root system consists of a fleshy tap with a few coarse laterals; the 
rof)t hairs w ere very few in number and unevenly distributed and no mycor- 
rhizal filaments were observed. 

Cirsium, acaule (6 plants examined). 

Average working depth, 2*5-6 in.; maximum penetration 9*5 in.; average 
spread, 2*5 in. 

A thick and fleshy white tap root is characteristic, but it may divide at 
an early stage into two or three limbs; it bears a few scattered fine laterals, 
seldom more than 1*5 in. long. Root hairs are of rare and local occurrence, 
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averaging 2 per 1 nim. root. A few hyphae were found around the outer cell 
layer, but no penetration was seen. 

Daucus carota, Fig. 19 (6 plants examined). 



Fig. 18. Carlina vulgaris. ^ Natural size. 

From a loose chalk cliff at Folkestone. 

Average working depth, 4*5-9 in. ; maximum penetration, 13*5 in. ; average 
spread, 2*5 in. 

A well-marked fleshy tap root is always present, bearing a few short 
feeding roots in the upper 4 in. of soil, but they then become more numerous 
with increasing depth. Root hairs are chiefly confined to a zone extending 


7—2 



100 


Water Economy of the Chalk Flora 

from 7 to 12 mm. from the tip of the root, where they are evenly distributed 
although not very abundant (40 per 1 mm.). Fungal hyphae were very 
numerous around the finer roots and appeared to be associated with the cortical 
cells. 

Helianthemum chamaecistus (4 plants examined). 

Average working depth, 0-5 in.; maximum penetration, 10*5 in. ; average 
spread, 14 in. 




The ])lant has a dark brown wiry root system with a number of coarse 
branches, effectively occupying the top few inches of soil. Each plant pushes 
down one or niore anchoring roots. No root hairs were seen; fungal hyphae 
were abundantly associated with a brown outer layer of the cortex which 
appeared to be readily shed. 

Hipj)ocrepis comosa, Fig. 20 (5 plants examined). 

Average working depth, 4-8 in.; maximum penetration, 12*5 in.; average 
spread, 3 in. 

This root system may vary considerably, but the tap root is generally 
strongly developed, the laterals being of somewhat fine texture and very 
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irregularly branched. Root hairs were abundantly developed in local patches 
on the laterals, in some places as many as 560 per 1 mm. The roots were free 
from fungal infection except in two cases where groups of cortical cells appeared 
to harbour mycelium-, and in the same region free fungal filaments were inter- 
woven among the root hairs. 

TMus corniculaius (6 plants examined). 

Average working depth, 3-7*5 in.; maximum penetration, 12 in.; average 
spread, 5*5 in. 

The tap root may be as much as 18 in. long, but it may often run obliquely 
for the first few inches and is often somewhat contorted in the region where 
it encounters the transition 
from the broken chalk to the 
more solid rock. Root hairs were 
only occasional on the upper 
part of the root but were more 
numerous on the lower parts. 

No fungal infection was seen. 

Medicago lupulina, Fig. 21 
(7 plants examined). 

Average working depth, 2*5- 
5*5 in.; maximum penetration, 

10*5 in.; average spread, 4 in. 

A tap root is usually dis- 
tinguishable for the greater part 
of the root system, the laterals 
being plentiful and strongly de- 
veloped. The bacterial nodules 
are mostly near the soil surface, 
and here there is no fungal in- 
fection. At a depth of about 
7 in. fungal hyphae occur and 
appear to make their way 
between the cortical cells in a 
few zones. The root hairs are 
few in number and very unevenly distributed. The root tips near the surface 
taper to a much finer point than those which are deeper. 

Origanum vulgar e (4 plants examined). 

Average working depth, 1-4 in. ; maximum penetration, 8*5 in, ; average 
spread, 6*5 in. 

A fibrous mass of roots is produced, most strongly developed some 
2-3 in. below the surface, with an occasional limb striking downwards. The 
root hairs are very long and numerous, beginning close behind the tip, where 
they are best developed; as they do not appear to persist for long, healthy 
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looking hairs are rarely seen more than 2-5 cm. from the tip. Fine fungal 
hyphae with occasional septa occur locally and appear to be associated with 
the cortical cells. 

The merismatic region of the root is very short and the tip blunt. 

Pastinaca sativa. Fig. 22 (9 plants examined). 

Average working depth, 2*5“7 in. ; maximum penetration, 14-5 in. ; average 
spread, 4 in. 

A thick white tap root is usually the chief feature of this root system, and 
is especially well developed when the plant occurs in a loos^i chalky soil such 
as may frequently be found on the site of an old rabbit warren ; but where 
the plant occurs on a shallow soil with the solid chalk rock near the surface 
the root system is apt to be distorted, the roots avoiding the solid rock, and 



Fig. 22. Pastinaca sativa, growing on sloping ground. J Natural size. 


the tap may become divided into several limbs which radiate in the loose 
subsoil. In one instance the tap root had grown vertically upwards for 4^ in. 
thus overcoming the need to penetrate into the crevices of the chalk. The 
merismatic region of the root is longer than in most of the plants examined, 
and no root hairs occur within 2 mm. of root tip. The hairs are few in number 
and scattered. No fungal infection was observed. 

Plantago media, Fig. 23 (5 plants examined). 

Average working depth, 1 *5-4*5 in.; maximum penetration, 7*5 in.; 
average spread, 2 in. 

The tap root is well developed and bears numerous fine laterals. The root 
hairs are long and abundantly developed close behind the tips, but they soon 
decrease in numbers and are mostly disintegrated 2 cm. from the tip, in which 
region there tends to be a breaking down of the outer cortical regions of the 
root, and here, too, fungal hyphae are much in evidence. 
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Potentilla replans (4 plants examined). 

Average working depth, 2-6 in.; maximum penetration, 8 in.; average 
spread, 1*5 in. 

A strong descending root appears to be pushed down each season, and 
develops a few laterals. Very few root hairs occur, 4 per mm. on younger 
roots and none on the older parts, which develop a suberised outer layer. 
Hyphae were seen around the root in several instances, but no definite associa- 
tion appeared to exist. 



Primula veris (6 plants examined). 

Average working depth, 6-10 in.; maximum penetration, 11 in.; average 
spread, 1*5 in. 

The rhizome is buried some 4- 5 in. below the surface of the soil, and bears 
a number of thick white fleshy roots some 4-5 in. long. These are but very 
scantily branched, and the laterals are very fine and fibrous. Root hairs are 
fairly abundant, but are very small: they arise close behind the growing tip 
(70 per 1 mm.) and are scattered on all the laterals. Fungal hyphae of very 
fine filaments occur and appear to be associated with the cortical cells of the 
finer roots. 
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Sonchus arvensis (3 plants examined). 

Average working depth, 4~7 in.; maximum penetration, 12*5 in.; average 
spread, 3 in. 

A white and rather soft root system in which the tap is usually distinguish- 
able for the upper half. Fungal hyj)hae are abundant on all parts of the root 
})ut there are only a few large root hairs (3 per 1 mm.), none nearer the tip 
1 ban 2 iilm. 

Verbascum thap.ms (3 plants examined). 

Average working depth, 0-3 in, ; maximum penetration, 11 in.; average 
spread, cir. 18 in. 

One Or more anchoring roots bearing a few branches are present, but the 
chief feeding roots occur just below the surface of the ground on 3-5 long and 
l ichly branched laterals of fine texture. In a patch of chalk scrub disturbed 
by rabbits and with a very loose surface soil these had a maximum spread 
of 39 in. On the open down technical difficulties, chiefly the delicacy of the 
roots, prevented the detection of a spread of more than 18 in. from the crown. 
Root hairs were only few and scattered, but fungal filaments were much in 
evidence around the roots. 


Group C. 

Galium verum, Fig. 24 (3 plants examined). 

Average working depth, 15-24 in.; maximum ])enetration, 30 in.; average 
spread, 4 in. 

A long thin tap root practically un branched above but bearing numerous 
laterals of fine texture below, these being localised in the crevices of the chalk. 
Root hairs occur in patches on the younger parts of the root, but aie gradually 
re|)laced by fungal hyphae, which are locally plentiful. 

HypericMui perforaium, Fig. 25 (5 plants examined). 

Average working depth, 6 17 in.; maxinmm penetration, 24 in.; average 
spread, 5 in. 

One or more strongly descending roots are given off from the root stock 
just below the surface of the ground, and these bear a number of thread-like 
and branched laterals. Very few root hairs were observed (average less than 
1 per 1 mm.) but fungal hyphae were abundant in and around the cort^ex 
wliicli appeared to disintegrate very readily. 

OnobrycM.H mtiva, Fig. 26 (4 plants examined). 

Average working depth, 7-1 6 in.; maximum penetration, 23 in.; average 
spread, tin. 

The system is characterised by a strong brown tap root, sometimes 
obliquely placed, bearing only a few laterals of coarse texture and these being 
confined to the loAver part; bacterial nodules were small. Very few root hairs 
were seen and no fungal filaments. 
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Ononis spinosa (3 plants examined). 

Average working depth, 18-28 in.; maximum penetration, 37 in.; average 
spread, 5 in. 

This plant had the deepest root system of any examined, with a we’l- 
developed woody tap sometimes practically unbranched for the first 20 in., 
then producing 4-7 laterals, which ramify considerably in the crevices of the 
chalk, and distally are richly clothed in root hairs for a distance of 8-10 mm. 
from the tip. No fungal hyphae were observed. 



Kig. 2(i. Onohrychls young plant with root aysUuu 

not yet fully developed. J Natural size. 


Poteriu'tn sanguisorba^ Fig. 27 (23 plants examined). 

Average working depth, 16*5-27 in.: maximum penetration 34 in.; average 
spread, 4 in. 

This perennial has a woody dark brown tap root and shows a good range 
of variation both as regards the depth and branching of the roots. In 15 of 
the plants examined no significant branches occurred on the tap root to a 
depth of 12 in. or more, but the tap may bear a lateral of considerable size 
at a depth of 3*5 in. In the chalk rock considerable branching occurs and a 
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richly developed ramification of rootlets in the crevices. A number of 
seedlings were also examined ; they had delicate fibrous roots and only began 
to show the characteristics of the adult type when they had attained a depth 
of some 6 in. 

Koot hairs are well developed on all the lateral roots, more particularly 
the lower ones, on some of which there may be as many as 300 per 1 mm. on 
the distal 3 cm. of root; behind this they tend to disintegrate somewhat rapidly. 
Fungal hyphae were observed occasionally around the roots, but there was 
probably no definite association. 

Reseda luteola (3 plants examined). 

Average working depth, 6*5-14 in.; maximum penetration, 17 in.; average 
spread, 5 in. 

This plant has a tap root the up])er part of which is markedly contractile, 
and below this region at a depth of some 3-4 in. it tends to divide; a few 
coarse whitish laterals are produced. The root tips were very blunt; no root 
hairs were observed, but there were a few fungal hyphae evidently in associa- 
tion with the upper laterals. 

Scabiosa columbaria (7 plants examined). 

Average working depth, 7-1 7 in.; maximum penetration, 23 in.; average 
spread, 5 in. 

A very abundant root system is characteristic of this plant; the identity 
of the tap root is soon lost in the large number of whitish laterals which form 
a mat in the fissures of the chalk, but when an appreciable leached layer of 
soil exists above the chalk the root system becomes more elongated and is 
but })oorly branched in the u])per part. Root hairs were abundant, but very 
irregularly distributed, and confined to the ultimate 6 cm. or so of root. 
Fungal hyphae also occurred on the upper laterals but not on the deeper ones. 

Silene infiata (5 plants examined). 

Average working depth, 6-14 in.; maximum penetration, 34 in.; average 
spread, 7 in. 

The crown of the plant is buried several inches deep in the soil and from 
this one or more strong descending roots arise. The laterals are mostly of 
small diameter, but little branched, and of a remarkably frail texture. The 
outer cortical layers of these roots break up very readily, giving an impression 
of inefficiency, particularly as filamentous fungi find a suitable home there. 
The root tips are blunt and slightly swollen, with a few root hairs almost at 
the tip itself and immediately behind it. 

Thymus serpyllum (7 plants examined). 

Average working depth, 0~4 and 12-20 in. ; maximum penetration, 28 in. : 
average spread, 6 in. at surface, 4 in. at 20 in. 

This plant has an irregular root system of branched and wiry brown roots 
a few inches below the surface. One or more strong descending roots are 
given off and penetrate into the solid rock below, there producing a large 
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number of fine branches ramifying in the chalk crevices ; these develop a dense 
growth of root hairs in the first 10 mm., but they soon break down. On the 
surface root hairs are very few and local (8 per 1 mm.), fungal hyphae are 
present on these rootlets, abundantly on most of them, but they do not appear 
to occur on the deeper roots. 

A few seedlings of woody plants typical of the chalk have been examined, 
and in general these were found to have very abundant root systems, similar 
to each other in type, and all well supplied with root hairs. The seedlings 



28 . Viburnaia lantana. f Natural size. 


considered were those of Viburnum lantana (Fig. 28), Taxus ba^cata (Fig. 29), 
Ligustrum vulgare (Fig. 30). Young Cornus sanguinea plants were also found 
to have well-developed root systems, but no seedlings were found, and re- 
y>roduction appears to be commonly vegetative, by means of axes some 
3 or 4 in. below the surface of the ground and as much as 7-10 ft. long. 

(a) Vertical Distribution of Roots. 

Reference to the diagrams, Figs. 7 and 8 (pp. 89, 90), will show the maximum 
rooting depth attained by individual plants, the heavy lines indicating the 
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average working depth, i.e. the zone at which the chief feeding roots usually 
occur for a given species. 

As has already been mentioned, the grasses are among the more shallow- 
rooted types; a few, such as Bromus erectus or Brachypodium pinnatum, may 
penetrate to a depth of 4 in. or more but the bulk of the feeding roots are re- 
stricted to the top 2 or 3 in. of soil. Group A includes a number of perennials 
such as Anemone pulsatilla, Polygala vulgaris and Asperula cynanckica, the last 



having a particularly shallow system. There are also in this group some of 
the more characteristic annuals such as Gentiana amarella, as well as Chlorn 
perfoliata and Linum catharlicum, which are usually winter annuals. 

All these plants appear to be but poorly equipped as regards extent of 
root systems, when they are compared with the grasses with which they must 
compete; and it is only seldom that plants whose roots are confined to this 
zone can hold the grasses in check both above and below ground, or offer a 
serious opposition to their dominance; Hieracium pilosella is perhaps the most 
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successful and this is rather a plant of any dry soil than a typical member of 
the chalk down community. Both Chlom perfoliata and Thymus serpyllum 
possess, in addition to the main ramifications of their root systems, roots 
which tap the surface inch of soil, and in view of the fact that this upper zone 
of the soil may have its water content frequently augmented by deposition 
of dew at a time of water scarcity, it is possible that these surface roots may 
be of considerable importance (see p. 77). An even more marked development 
of surface roots occurs in Verbascum thapsus, in which the deeper roots are 
comparatively poorly developed. 

In the roots of the plants of Group A there is a great variety of type ; 
thus the grasses have mostly a wealth of very fine fibrous roots; Polygala 
vulgaris (also P. calcarea), Teucrium botrys and Gentiana amarella have systems 
with fairly well defined tap roots; while in Plantago lanceolala, Viola hirta 
and Anemone pulsatilla the roots are borne on well-developed rhizomes or 
root stocks; in the last mentioned, as in Spirea filipendula, the root systems 
are woody and protected by an early and extensive formation of cork, while 
to all these forms, a vivid contrast is offered by the fleshy underground pai*ts 
of Ophrys apifera with four or five short unbranched roots and an ovoid tuber. 
In neither of the other groups is there to be found an equivalent range of type. 

While this wide range of type is represented in Grouj) A it is particularly 
noteworthy that the range of variation within the species is very much smaller 
than in either of the other groups, and indeed in some species, e.g. Chlora 
perfoliata, the branching is remarkably uniform, when growing on the chalk. 
Some plants of Chlora were found on a water-logged calcareous clay on tlie 
north of the Isle of Wight, these i)roved to have root systems much less 
strongly developed and of a finer texture than those which grew on the chalk. 
Polygala vulgaris on the chalk develops a root system which is intermediate 
in type between that which it develops on shingle and on clay. On the beacli 
at Pevensey Polygala was found to develop a sturdy and woody root system 
with a corky covering much more extensive than the roots of a chalk plant, 
and with a maximum penetration of 7 in. In the heavy and wet clay on the 
north of the Isle of Wight the plants were found to have very poorly developed 
root systems with thin and thread-like limbs and a maximum penetration of 
in. 

The second group of plants, those of which the roots have a maximum 
])enetration ranging approximately from 6 to 12 in., consist mostly of peren- 
nials, and amongst the plants of this group there may be a very considerable 
range of variation for the root of a given species ; although the range of type 
found in the group as a whole is much smaller than for the more shallow- 
rooted plants. 

The roots of the legumes and more particularly of Anthyllis vulneraria are 
particularly variable, so that there is no really central type of root for this 
species (see special description, p. 98), and it would be interesting to know 
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whether this variability is in any way to be correlated with other features 
common to the roots of these leguminous plants. 

Pastinaca saliva is also very variable, but here the variability seems to 
be a direct response to soil structure, the roots avoiding the solid chalk as 
described on p. 102, so that a highly distorted system sometimes results. 

The more deeply rooted plants of Group C are mostly characterised by the 
possession of tap roots which, as in the case of Ononis, may penetrate to a 
depth of 3 ft. with Poterium. a good second going to 30 or even 34 in. 

While there is still a wide range of variation, the plants of this group tend 
to conform more to a given type for each species than do those of the previous 
group, and this may probably be accounted for by the fact that a good many 
soil conditions, such as texture and chemical composition, are more constant 
in the second foot below the surface than in the first. Thus, out of 23 adult 
plants of Poterium sanguisorba examined, 15 had no significant laterals for 
the upper 12 in., and in all cases the distal parts consisted of fine thread-like 
and brittle rootlets lying in the planes of the chalk crevices. 

Reviewing the whole range of root systems examined, there is found no 
obvious correlation, either positive or negative, between the depth of penetra- 
tion (either average or maximum) and the extent of radial spread of the lateral 
roots. In a number of instances an attemj)t was made to calculate the volume 
of soil exploited by the roots of certain species, and the figures recorded below' 
(Table VI), although only approximately correct, will afford a rough basis of 


Table VI. Volume of Soil exploited by Boot Systems. 


Ajuga charaaepit 3 'H 

Oub. in. 

20 

Aspenila cynanchica 

Cub. in, 
205 

Ophrys apifera 

20 

Pastinaca sativa 

352 

(jrcntiana amarella 

21 

l..otu8 corniculatus 

475 

Linuin catharticuin 

:u 

Poterium sanguisorba 

704 

Cephalanthera pallen.s 

.58 

Scabiosa columbaria 

786 

Ohiora perfoliata 

80 

Ononis spinosa 

790 

Uarlina vulgaris 

08 

Onobrycliis sati va 

1005 

Daucus <jarota 

100 

Verbascum thapsus 

1018 

Fragaria vesca 

i:i5 

Thymus serpyllum 

1054 

Bromus erectus 

151 

Silene inflata 

1099 

Anthyllis vulneraria 

220 

Hypericum perforatum 

1277 

Hippoc^epis coinosa 

237 

Helianthemum chamaecistus 

1508 


comparison. It must however be noted that the plants vary very considerably 
in the degree of thoroughness with which a unit volume of soil is exploited; 
thus, while the root system of Bromus erectus occupies a smaller volume of soil 
than does that of Anthyllis vulneraria, it is in much more intimate contact 
with that soil by reason of the very rich development of its roots. It is obvious 
that there is a very great variation in the volume of the soil exploited by the 
different species. 

It will be observed that the bulk of the species under consideration have 
their chief feeding roots within 9 in. of the surface (see p. 90), that is approxi- 
mately in the zone of which the water content was found to vary between 
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35*6 per cent, and 11-5 per cent. — a total range of 24 per cent. With the single 
exception of Ajuga chamaepitySy in none of the plants examined was it found 
to be the rule for the system to be entirely confined to the top 3 in. of soil, 
where the total range of variation of water content is 52*7 per cent. — a range 
more than twice as great as that found at 6-9 in. 

The data obtained for the water contents at a depth of 27-30 in. show 
that the root systems of the more deeply rooting perennials, of which Poteriurn 
may be taken as a type, experience a range of water content of only 19*6 per 
cent, (with a minimum of 15-3) in the region in which the bulk of their roots 
occur. 

One of the most striking characteristics of the more deeply rooted peren- 
nials is the extraordinary wealth of rootlets which may be produced in the 
natural interstices of the chalk rock. 

When large blocks of chalk are levered out from the face of a fresh cutting 
at a depth of 2 ft. or more, a flattened and luxuriant network of roots is 
revealed lying in the plane of the crevice. 

It is a generally accepted statement that roots develop in a given direction 
as a response to localisation of water supply, and indeed Weaver (1919) in 
his wsummayy of The Ecological Relations of Roots concludes that root systems 
may be taken as indications of the distribution of soil moisture. It is possible 
that this localisation of roots in the crevices of the chalk may be correlated 
with questions of water supply, since these interstices may be saturated with 
water vapour, and indeed Sir G. Evans (1885) considers them to be important 
waterways in the chalk; or the problem may be a merely mechanical one, 
although this seems unlikely since most, if not all, of these roots do on occasion 
penetrate the solid rock. Whatever the explanation may be, the presence of 
the roots in these localised situations is significant; and they are sometimes 
so plentiful that the end products of their respiratory activity cannot but Irave 
an effect upon the surrounding chalk. 

If each succeeding generation of roots tends to follow in the ])aths of its 
ancestors a leaching effect far from negligible must be produced, and such a 
suggestion inevitably leads to a discussion of the clay pockets which are a 
common phenomenon of chalk districts, particularly where the lower and 
middle chalk reach the surface. 

During the course of the present investigations it was remarked that 
sections of small pockets always showed them to be in possession of a well- 
developed root system and frequently one belonging to a woody plant. It 
was also observed that there was frequently a tendency for the roots of plants 
in the chalk immediately adjacent to the pocket, to develop towards the edge 
of the pocket rather than in other directions — {Silene infiata, Tvssilago farfam), 
this being doubtless a hydrotropism, since it has already been shown that the 
clay pocket tends to be moister than the surrounding chalk. 

It has so often happened that clay pockets were found to occur where 
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there were patches of thorn scrub or groups of trees established on stretches 
of chalk that a correlation between the two has been insistently suggested. 
It may be mere coincidence, or it may be that the presence of clay favours 
the development of woody species either directly or indirectly; the evidence 
is as yet insufficient to determine — but, considered in conjunction with the 
marked localisation of the roots of some of the herbaceous perennials in the 
chalk fissures, and the leaching effects excited by the by-products of their 
metabolism, it seems probable that the underground systems of such plants 
play an important role in the initiation of clay pockets. 

(b) Leaching. 

In a previous paragraph (see p. 87) it has been deduced that the leached 
surface soil of the down has accumulated in situ, and the depth to which such 
leaching has occurred is important both directly and indirectly (since it 
affects water content, etc.) in determining the depth of penetration of the root 
systems, as well as influencing the actual species present in the flora. 

Another factor whicli is important in this connection is the rapidity of the 
transition from leached to unleached soil. On many stretches of downland 
there is a very gradual transition from the leached soil at the surface to the 
pure chalk rock below, but occasionally there is scarcely any transition stage 
and the line of demaTcation is strikingly clear cut. This condition of abrupt 
transition occurs on one of the areas (Farthing Down) which came under the 
writer’s observation, and w])ich is referred to above in connection with water 
contents; here the leached soil was separated from the chalk below by a layer 
of flints some 2 in. thick and extending over several square miles. This flint 
bed seems to have been effective in retarding leaching below, and it is note- 
worthy that in this area there occur very few plants with deep root systems, 
and the frequency of those which do occur is very low compared with other 
chalk grass lands in the vicinity. Most of the species which are abundant on 
this down tend t o have roots cliiefly in the first 4 or 5 in. of soil. Thus Fili- 
pmdula hexapetala (Spirea filipendula) and Plantago media are much more 
frequent here than elsewhere in the neighbourhood, and although a few deep 
rooters such as Poterium sanguisorba do occur they are much less frequent 
than in other local downland areas, and, in the case of Poterium at least, are 
less prolific in flowering and fruiting than elsewhere. 

(c) Distribution of Root Hairs and Mycorrhiza. 

In the descriptions of individual root systems above, mention w^as made 
of root hairs, and fungal hyphae associated with the roots were also recorded. 
It was found that neither of these features could be satisfactorily observed 
on roots which had been washed only with water, since the soil particles were 
often so closely adherent that all attempts to remove them with a soft brush 
only resulted in damage to the root hairs. It was found that after washing, 
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immersion for a few seconds in a 6 per cent, solution of HCl loosened the soil 
particles and after rinsing gave a clean root with unbroken root hairs. Fungi 
were widespread and often abundant; but the investigation being in the nature 
of a preliminary survey, the nature of the association was not established in 
each case when fungi were observed, and it may frequently have been patho- 
logical. 

In a few instances, however, as in Chlora perfoliata, Polygala vulgaris and 
Linum catharticurn, very definite zones of mycorrhiza were observed and in 
Chlora such zones coincided with patches of derelict root hairs. Fungi were 
less usually associated with the more deeply rooted perennials than with the 
shallow types. 

Root hairs showed a wide range of variation in their general distribution 
and numerical frequency; in some plants no hairs were seen (Anemone pul- 
satilla, Helianthemurn chamuecistus and Filipendula Jiexapetala) such plants 
usually having roots with a corky covering; in some plants (Carlina vulgaris) 
only very few hairs were seen ; in others the hairs are more frequent and may be 
scattered over the entire root system, as in Chlora, where they occur densely 
in local patches, or in Linum, where they are more evenly distributed. 
Whitaker (1923) has shown similar distributions in some herbaceous Com- 
positae. In many plants the hairs are confined to the region just behind the 
tip (Anthyllis vulnera/ria, Ononis spinosa), while in some of the more deeply 
rooted perennials, such as Poterium sanguisorba and Thymus serpyllum, hairs 
are richly developed on the tip region of the lower roots lying in the chalk 
fissures, but they do not long persist, and where laterals occur in the surface 
soil the hairs are few in number and have a scattered distribution. The seedlings 
of these two last- mentioned plants, whose roots are confined to the surface 
soil, also have irregularly scattered hairs. 

In one or more instances, e.g. Cirsium acaule and Polygala vulgaris, roots 
examined on one occasion were found to be almost destitute of hairs, while 
plants collected at another time showed hairs to be quite well developed. 
This suggests a seasonal variation, in which case such plants as Filipendula 
hexapetala and Anemone pulsatilla, on which no root hairs were seen, may 
produce ephemeral ones. The question requires further elucidation. 

Snow (1905) has pointed out that factors reducing the rate of gro^vi}h of a 
root may bring about an increase in the development of root hairs, and in 
this connection we may note that hairs are abundantly produced on some of 
the tips of the more deeply situated roots, which may frequently find difficulty 
in maintaining their potential rate of growth when in the chalk rock. 

Snow has also shown that air saturated with water vapour tends to sup- 
pression of root hairs, and in this connection it must be noted that Polygala 
from wet clay had very many fewer hairs than individuals from the chalk, 
while in shingle hairs were still more richly developed, but factors other than 
water content were obviously involved here. 
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Several chalk plants were grown with their root systems in water for a 
period of 6 weeks, and, while this prevented the development of any new hairs 
on either Taxus baccata or Helianthemum chaemacistus, it had precisely the 
opposite effect on Anthyllisvulneraria and Gentiana ammella, both of which grew 
new roots which were densely covered with long hairs. Young plants of 
Poterium sanguisorha treated in the same way produced a few scattered hairs 
on the new roots developed in the lower part of the system, and on those near 
the surface of the water many short thick ones. It is therefore obvious that 
water may have an effect on the distribution of root hairs which varies with 
the species. 

The root hairs of different species were found to vary considerably in length 
and width, and also in the thickness of the wall. The hairs of Taxus har.cain 
were very curiously thickened with a sculptured and cuticularised wall. 

(d) Relation of Root Surface to Leaf Surface. 

In a few species the relation between the maximum absorbing area and 
tlie transpiring area was worked out for purposes of comparison between the 
species, should it be found that there was any degree of constancy for a given 
species. The plants were examined from this point of view while they were 
in a more or less stable condition; that is, during the period of winter rest, 
and the results obtained would seem to point to a certain relationship between 
the areas of these surfaces being maintained while the plant is at such a stage. 


Table VII. Compared Areas of Root and Leaf Surfaces. 



No, of 

Average ratio 
leaf area 

Range of 


specimens 

7’oot area 

variation 

Ophrys apifera 

15 

M 

2-2-0-4 

Polygala vulgaris 

(> 

2*3 

3*4-1 (i 

Chlora porfoliata 

i\ 

1-3 

1*5-1*() 

Tiinum catharticum 

2 

9-5 

10*2-8*8 

Average for four species 

— 

3-5 

— 


The accompanying Table VII shows the results, which were particularly 
satisfactory in the case of Ophrys apifera, where for 15 plants examined the 

range of values obtained for the ratio — — was only 1*8. Two of the 

root area 

plants gave distinctly aberrant results ; one of these was very poorly developed 
and carried only a single leaf, while the other seemed even more unique, as it 
gave a value 0*8 above that obtained for any of the other plants, but it did 
not appear to the eye to differ appreciably from the other specimens. If these 
two aberrant plants are disregarded, the average value remains the same but 
the range of values is only 0*5, which indicates a somewhat remarkable uni- 
formity. Since Ophrys only has stomates on the lower side, that leaf surface 
was alone considered. 

In the case of Poly gala vulgaris only six plants were measured, but there 
was a wider divergence here, the specimens tending to fall into two groups, 
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one with a value of 1-6 and the other with a value of 2’8. In these young 
seedlings it was not found possible to state definitely whether the plants were 
P. vulgaris or P. calcarea, and, although they were all probably the former, it 
is just possible that the lower value represents one species and the higher the 
other. 

Chlora ])erfoliata gave results closely approximating to those obtained for 
Ophrgs, hut Linum catharticurn gave values differing widely from these. 

None of these four plants has roots which normally develop cork layers 
when growing in the chalk, and it was therefore considered that the respective 
absorbing and transpiring areas cordd be approximately compared. It is not 
intended to suggest that the areas in question are equally active throughout, 
but it was considered worth while to show that in these cases and especially 
in Oplirys there tends to be a more or less constant relationship during the 
period of winter rest between the root area and the leaf area. 

lY. PERIOD OF FOLIATION 

A record of the seasonal activities of some of the plants of the chalk down 
has been made in order to determine whether such data would elucidate any 
of the problems of the water economy of the flora. Considering the xerophytic 
conditions of the environment, it would appear that a large proportion of the 
chalk grass-land plants maintain actively transpiring leaf areas well on into 
what is usually the hottest and driest part of the summer; and indeed it is 
remarkable in view of the fact that the chalk is a “warm” soil that the flora 
tends to reach its climax so late in the season. 

The life histories of the plants under discussion fall naturally into several 
groups when classified according to the duration of their vegetative activity. 

Group I. The spring-germinating annuals — a comparatively small group. 

Group 11. The winter annuals and biennials. 

Group III. The perennials, of which some 

(а) retain green leaves all the year round ; 

(б) have a rest period without leaves, July to September; 

(c) have a rest period without leaves, October to March. 

The accompanying Table VIII shows the classification of some of the chief 
plants, a few of which are selected for descriptive purposes below. 

Gentiana amarella. Annual. 

Seedlings appear during March and by July they reach a height of some 
J in., or, if the season is wet as in 1924, they may attain nearly twice this 
height. Flowering reaches its zenith by the first half of August, by which time 
the radical leaves have died off. The whole plant dries up early in September, 
the skeleton being much more resistant to disintegration processes than that 
of most of the plants considered. 

Chlora perfohata. Winter annual. - 

The seedlings appear in September and remain in rosette form until the 
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axis elongates in May, the old leaves then gradually withering. The flowers 
open at the end of June, but flowering specimens may be found well into 
October; these have arisen from seedlings which come up in the early spring. 

Anthyllis vulneraria. Perennial. 

Seedlings appear in August, by the end of which month a new crown of 
leaves is beginning to be developed on the older plants; these (20-30 in 
number) continue to grow until October and activity is then suspended until 
the end of April, when some more leaves are added before the semi-erect axis 
begins to elongate. Growth increases during the latter half of May and the 
flowers open early in J une. The first seeds are shed about a month later when 
the foliage begins to wither. In 1924 this occurred before the seeds from the 
later flowers had matured. 


Table VIII. Period of Foliation . 

(iroiip I. Spring animals: 

*Ajuga ohamaepitys, (.'arlina vulgaris, *CliIora pcrfoliata, Euphrasia nemorosa, *rientiana 
aman^lla, *Linuni catharticum, Vicia sativa. 

* These may also occur as wintx^r annuals. 

( I roup II. Winter annuals and biennials: 

Ohlora pcrfoliata, Daucus carota, Echium vulgarc, ErjThrea contaurium, Inula conyza, 
Linum catharticuin, r*astinaca sativa, Reseda hitoola, d'’eu(n’ium botrys, Verbascurn thapsiis. 
(J roup III. Perennials, (a) Active throughout: 

Asperula cynanchica. Astragalus danicus, A vena piibescens, Beilis peronnis, Briza media, 
Bronius erectus, (Jirsiurn acault*, l^^agaria vesca, Hieraciuin pilosella, *Helianthemuni 
chamaecistus, *Hi|)pocr(‘pis coniosa, *Lotus corniculatus, Medicago lupulina, Onobrychis 
sativa, Plantago lanceolata, IMantago media, Polygala vidgaps, P. calcarea, Poterium san- 
guisorba, Filipciidula hexapetala, *Thymus serpyllum. 

* These tend to lose their leaves in hard winters. 

{h) fSummer rest, cir. duly -Sept. : 

Anthyllis vulneraria, Gymnadenia conopsea, Ophrys apifera, Orchis maculata, Viola hirta. 
Onobrychis sativa and Asperula cynanchica are sometimes to l>e included in this group. 

(^ ) Winter rest, cir. Oct.-Mar. : 

Anemone pulsatilla, Brachypodium pinnatuni, Centaurea scabiosa, Cichorium intybus, 
Convolvulus ai’vensis, Galium verum, Hypericum perforatum, Ononis spiiiosa, Origanum 
vulgare, Phyteuma orbiculare. Primula veris. Prunella, vulgaris, Reseda luteola, Scabiosa 
columbaria, Senecio jacobea, Silene inllata, Tiissilago farfara. 


Brachypodium pinnatuni. Perennial. 

New leaves are produced early in April, but it is not until the end of the 
month that these have grown sufliciently to push their w^ay up through the 
old dead leaves. Flow^cring begins in mid-June and the leaves maintain their 
appearance of vegetative activity until November. 

Ophrys apifera. Perennial. 

Some young plants, apparently seedlings, w'ej*e found early in October and 
these had only two leaves until mid-March. Normally the young axes arise 
in late August from the new tubers of the parent plant and by the end of 
September these bear a rosette of 3 or 4 leaves, growth then ceases until early 
March when another leaf may unfold but no furtlier development occurs until 
early May when the axis begins to show and then to elongate. This activity 
is some 3 weeks after growth has been renew^ed by the bulk of the surrounding 
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plants, and the plants of Ophrys are therefore less conspicuous than during 
the early part of the year. Flowering occurs in the second half of June, by 
which time the old basal rosette of foliage leaves has withered; the other 
aerial parts dry up, the cauline leaves being shed as the capsule ripens and 
sheds its seeds towards the end of July. 

Poly gala vulgaris. 

Both this and P. calcarea are biennials though they often survive for a 
third season. Seedlings may be found in August and are well developed by 
the end of September, when they may easily be distinguished from the old 
plants by their more upright habit. The primary axis is prominent, bearing 
at its summit 4 or 5 young branches. In plants of the previous year the habit 
is straggling, leaves being chiefly confined to stems of that season’s growth. 
Flowering begins in the middle of May on the old plants and rather later on 
the young ones ; the foliage leaves are mostly shed and the seeds ripen in June ; 
there is a short rest period and new vegetative growth takes place on the young 
plants in July and August. 

Poterium sanguisorba. Perennial. 

Seedlings germinate in early September and the young plants pass the 
winter with 3 or 4 le^ives. They do not flower during the following year. Older 
plants produce a new crown of leaves about the same time as the seedlings 
appear, or rather earlier, and maintain these throughout the winter. New 
leaves may be added as early as January if the weather is favourable, and 
subsequently those added increase in size, the flowering axes form and begin 
to elongate in mid-May, flowering beginning in early June and continuing 
on into August, the old leaves gradually dying off as they are replaced by 
young ones. Vegetative activity is maintained in this plant as long and as 
vigorously as in any other plant of the habitat and considerably more than 
most, a feature which suggests a correlation with the deep and efficient root 
systems (but cf. H. pilosella with shallow roots). 

Ononis spinosa. Perennial. 

This plant passes the winter well below the surface of the ground and no 
traces of it can be seen for rather more than 6 months. Flowering usually 
begins at the very end of June and continues into September, the foliage being 
well maintained throughout — and this plant is therefore active vegetatively 
during what is generally the driest season on the chalk down, and may be 
regarded as a most successful xerophyte. The plant begins to dry up in 
September and disintegrates very rapidly in the early autumn rains; it may 
in fact be impossible to locate during the first week in October. 

Considering the constitution of the chalk grass-land flora, the paucity of 
ephemerals is seen to be one of its most striking characteristics, this being 
doubtless due to the usual denseness of the turf, which forms a closed com- 
munity. Species such as Anagallis arvensis, Stellaria media, Myosotis collina, 
Senecio vulgaris, etc., may occur where the surface has been disturbed by 
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rabbits, but these plants are not strictly members of the grass-land com- 
munity. 

Of the plants most characteristic of the habitat the greater number retain 
their vegetative parts above ground throughout the winter months, this group 
including both shallow and deeply rooting species. 

All of the more deeply rooting perennials are either summer green or ever- 
green, though Onohrychis saliva may sometimes have a summer rest period, 
and all the plants which winter below the surface of the ground belong also 
to this group. A few plants such as Galium verum may begin their inactive 
period as early as August if fruiting is not delayed, but they are best con- 
sidered as plants with a winter rest since they do not become active again 
until the following spring. 

Of the more shallow-rooted species several are evergreen (e.g. Bromus 
erectus^ Polygala spp.), but a number have a period of summer rest. In view 
of the fact that the mean water content of the surface in summer is but little 
more than half that during the winter months and may fall below 9 per cent, 
the summer rest exhibited by such characteristic species as Ophrys apifera 
and Anthyllis vulneraria is not surprising. 

V. DISTRIBUTION OF STOMATES. 

With a view to com})aring the different species of the habitat in relation 
to the number of stomates present per unit area, a survey was made during 
the last week of May and the first week of June, and in eacli species the last- 
formed mature leaves were used for examination. The accompanying table 
shows the average values obtained for the leaves of each species. 

It will be seen (Table IX) that most (77 per cent.) of the typical herbs of 
the chalk down have stomates on the upper as well as on the lower surfaces 
of their leaves; in fact several (23 per cent.) have a larger number above than 
below, these include four members of the Leguminosae {Anthyllis, Lotus 
corniculatus, Lathyrus nissolia and Onohrychis, also a very characteristic chalk 
I)lant, Limim catharticum ). 

The leaves of both the woody species examined (Rhamnus and Cornus) are 
well supplied with stomates but these occur on the lower surface only. The 
total number of stomates present do not place these shrubs in a category 
apart from the herbaceous plants. 

It is noteworthy that in plants of both Chlora and Polygala from wet clay 
fewer stomates were present than in similar plants growing on chalk. 

Several species (e.g. Anthyllis) comparatively well supplied with stomates 
were seen to be among those plants with a period of summer rest; but it is 
by no means the rule for plants with such a rhythm to have many stomates, 
since, for example, Ophrys has fewer stomates than most of the other plants 
considered. 

No definite relation could be found to exist between the number of stomates 
and the extent of the root system. 
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Table IX. Number of Stomates per 1 sq, mm. Leaf, 


Species 

Lower 

surface 

Upper 

surface 

Total 

Plantago lanceolata 

Thymus serpyllum 

225 

267 

492 

366 

88 

454 

Plantago media 

254 

184 

438 

Onobrychis sativa 

135 

248 

383 

Sonchus arvensis 

374 

4 

378 

Helianthemum chamaocistus 

328 

44-4 

373 

Verl>ena officinalis 

273 

67 

340 

Origanum vulgare 

311 

28 

339 

Comus sanguinea 

333 

0 

333 

Centaurea scabiosa 

130 

185 

315 

Polygala vulgaris (chalk) 

160 

142 

302 

Keseda luteola 

180 

122 

302 

Daucus carota 

225 

39 

264 

Hieracium pilosella 

148 

115 

263 

Anthyllis vulneraria 

105 

155 

260 

Viola hirta 

201 

56 

257 

Polygala vulgaris (shingle) 

161 

96 

257 

Lotus comiculatus 

93 

155 

248 

Rhamnus catharticus 

248 

0 

248 

Linum catharticuni 

109 

129 

238 

-Hypericum perforatum 

233 

0 

233 

Fragaria vesca 

223 

0 

223 

Poly gala vulgaris (clay) 

120 

91 

211 

Lathrys nissolia 

29 

176 

205 

Inula conyza 

104 

94 

198 

Silene inflata 

93 

100 

193 

Vicia cracca 

191 

0 

191 

Ranunculus bulbosus 

151 

35 

186 

Verbascum thapsus 

166 

10 

176 

Geum urbanum 

175 

0 

175 

Silene inflata (var. puberula) 

121 

49 

170 

Ononis spinosa 

91 

76 

167 

Gentiana amarella 

127 

32 

159 

Viola canina 

141 

0 

141 

Ophrys apifera 

81 

0 

81 

Chlora perfoliata (chalk) 

61 

12 

73 

Chlora perfoliata (clay) 

34 

18 

52 

VI. 

WILTING 




The wilting point was determined for a few of the chalk-dowm species, but 
since the method employed had distinct limitations the plants considered 
were only the more shallow-rooted types. The root systems of such plants 
have in nature greater extremes of water content to endure than those which 
are more deeply rooted, and they were therefore of particular interest as the 
subjects of wilting experiments. 

Blocks of soil some 6 in. or more in diameter and of rather greater depth 
were removed with the plants in situ and without disturbing their root systems ; 
and after having the freshly cut soil surfaces protected from loss of moisture 
by several layers of grease-proof paper, the experimental blocks were trans- 
ferred in flower pots to the shelter of a glass verandah. Here they 'were 
exposed to the ordinary variations of climate but received no supply of water 
either from rain or by means of capillary forces. In a few control experiments 
plants were wilted off rather more quickly by taking them into a greenhouse. 
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The method affords an indication of the ability of the plants concerned to 
withstand lack of water in the substratum, and possibly a rough basis for 
comparison between different species. A considerable range of values was 
obtained for the water content at the wilting point but it was found that the 
variations could be correlated with environmental factors to a great extent. 

Of prime importance was the rate at which the process of wilting took 
place, and, as would be expected, the longer the plants took to succumb the 
lower was the wilting point, because the plant had a longer period in which 
to perfect its readjustment. 

In nature capillary movement of water (see p. 81) would have an impor- 
tant effect in slowing down the wilting process, thus giving time for a fuller 
adjustment on the part of the plant and thus rendering available a higher 
percentage of soil w^atcr than would otherwise be the case. 


Table X. Wilting Coefficients. 


The lijijjures given represent the water 
averages obtained for duplicate specimens. 

content at the 

wilting 

Days 

point, and arc 

generally 

Duration of exporiinent ... 

15-20 

35 40 

35 45 

70 101 

lOl-il. 


T 

II 

111 

IV 

V 

Anthyllis vulneraria 

9-90 


5-07 

— 

— 

Bollis perennia 

— 


7-04 

— 


Brachypodium pinnatuin 

10-52 

— 

— 


— 

Chlora perfoliata (seedlings) 

1207 


5-85 

5-01 

— 

,, (adult) 

Daucus carota 

— 


10-98 

— 


5-93 

— 

— 

— 



Eiythrea centaurium 

12-00 

— 

5-41 

— 

— 

Festuca sp. 

10-25 

— 


— 

— 

Fragaria vesca 

10-52 

— 

-j 

5-27 

4-10 

Hieracium pilosella 

10-04 

— 

! 

4-17 

3-90 

Inula conyza 

— 

4-9S 

— 1 

— 

— 

Ophrys apifcra 

10-27 

5-50 

4 91 

4-42 

3-21 

Origanum vulgare 

11-03 

— 

— 

— 

— 

Plantago lanceolata 

10-25 

— 

— 

— 

— 

Polygala vulgaris 


0-43 

— 

5-31 

— 

Poterium (seedling) 

10-02 

— 

7-04 


— 

Viola hirta 


— 

7-53 

— 

— 


Several of the plants show ed an incipient wilting effect some 3 or 4 days 
after the beginning of the experiment (this w^as especially marked in Chlora 
and to a lesser degree in Ophrgs), thus marking a period during which the plant 
experienced a deficiency in water supply, but had as yet been unable to com- 
plete its adaptations to the new^ conditions of the environment; the process 
of adjustment having ensued, the aerial organs of the plant then resumed 
their more normal appearance after the lapse of about a day. It was mostly 
the younger leaves w^hich exhibited incipient wilting, but when eventually 
permanent wilting set in, it was the older leaves which suffered first (as show^n 
particularly by Ophrys). 

The lowest wilting point values were obtained for a set of plants cut out 
from the chalk down in mid -November, most of w^hich wilted only towards 
the end of February, a period of approximately a hundred days. This set of 
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plants wilted more slowly than any other; they were subjected to a spell of 
severe frost during the latter part of the time but they appeared to be quite 
unaffected, though most of the seedlings of Chlora and a few plants of Ophrys 
on the downs were badly frost-bitten. The lower water content must have 
been a considerable advantage. 

To a certain extent variation in wilting point could be correlated with 
the season of the year, but since weather conditions in turn influence the rate 
at which wilting takes place, observed seasonal variations must be regarded 
as secondary. Thus, in winter and early spring the water content could fall 
much lower before permanent wilting set in than was found to be the case in 
September and October when the weather was warmer and drier. Age was 
also found to be an important factor; for an old flowering plant of Chlora, 
already almost at the end of its life cycle, was found to be less resistant than 
a young seedling of the same species, and in general the older leaves on a plant 
wilted before the younger ones. 

Some of the experimental blocks of soil were set aside, and when all the 
plants were apparently quite dead, the soil was watered and kept moist. In 
less than 3 weeks it was found that both Ophrys and Fragaria were producing 
new leaves^ although none of the other plants (Festuca sp., Beilis perennis, 
Linum, Poly gala, Poterium seedling) showed any sign of life. 

Examination showed that in Ophrys all the roots had become black and 
disintegrated, and, while no new roots had as yet been formed, the tuber with 
the young one developing alongside it remained healthy in appearance. In 
Fragaria the old roots were present, but they were soft and discoloured, and 
were possibly not functioning; there were three young roots about half an 
inch long on the younger part of the rhizome. It is thus obvious that these 
two plants are able to withstand very severe drought conditions (the water 
content of the soil around their roots was most probably less than 2 per cent, 
before water was given), and it was doubtless the tuber in the one case, and 
the well-developed rhizome in the other, which enabled the plants to survive. 
In the case of Fragaria the collapse of the aerial organs was presumably due 
to the breakdown of the translocation mechanism within the plant itself, or 
its failure to meet the demands made upon it, since the rhizome was enabled 
to survive. It is perhaps by virtue of the limitations of the organisation of the 
translocating system that the water content of the rhizome remains above the 
lethal point. 

On the chalk down the lowest natural water content recorded for the 
surface 3 in. was 8*58 per cent, during the early summer drought of 1925, at 
which time none of the plants observed seemed to be adversely affected; yet 
of the plants tested for wilting point in October, 13 out of 14 of the species 
had wilted before the soil- water content had sunk to this value. But it must 
be remembered that while in the case of the experimental plants the water- 
content value was more or less constant throughout the block of soil, in nature 
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there would be an increasingly greater water content downwards from the 
actual surface, and thus a steady if meagre supply of water to the roots, 
particularly to the lower ones, which would allow for a slow and steady re- 
adjustment on the part of the plant (see above for effect of capillarity) — so 
increasing its drought-resisting capacity. We thus find that when the minimum 
water content for the surface 3 in. was 8*58 per cent, that for the top 9 in. 
was 10*04 per cent., a value at which several of the plants under experiment 
bad already wilted, when the process was comparatively rapid. When the 
process was slowed down there was a tendency for the plants to reach the 
wilting point when the water content was about 5 per cent. Compared with 
conditions existing in nature, this would leave a balance of some 3*5 per cent, 
water available when the drought period was at its height. But it must be 
borne in mind that under exceptional conditions the wilting coefficient may 
rise above 10 per cent, for a large number of species. In view of the results 
obtained it would seem that in nature the surface-water content is insignificant 
compared with the water content of the soil below, which in the chalk rises 
rapidly with increasing depth. We thus have a supply of water from below 
the surface levels which enables the plants to readjust their osmotics to drought 
conditions, and capillarity therefore appears to be an important factor in 
slowing down the wilting time and rendering available a higher percentage 
of water. It is thus that the plants of the chalk down may be enabled to 
survive drought conditions. 

VI r. SUMJyiARY 

1. A record of the seasonal and spatial variations in water content for a 
given area of chalk down was kept from January 1924 to August 1925, this 
including periods of both drought and excessive wet. Readings were taken at 
four successive depths in the region chiefly exploited by the roots of the 
herbaceous species, i,e. from the surface to 2 ft. (> in. (Them.) It was shown 
that although high water contents might be recorded, and the average value of 
the water content was comjjarable to that of mesophytic communities, very 
low minimal values occurred, especially at the surface, where there was a wide 
range of fluctuation in the water content. 

2. The importance of evaporation as a factor influencing surface -w^ater 
content was shown to be considerable both during the winter and summer 
months, whilst the effect of dew deposition, though slight, would appear not 
to be negligible. 

3. It is considered that capillary action may be of importance in chalk 
soils in dry periods. The water content at 2 ft. Gin. never fell below^ 15 per 
cent., and increases in its vahie at this level occurred at times when percolation 
could not be regarded as an important factor. 

4. The minimum water content recorded for the surface of the dowm was 
8*58 per cent, and the surface maximum 61*29 per cent., but for other chalk 
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grass-land areas with a more leached surface values up to 984 per cent, were 
recorded. 

5. A variety of species was examined with a view to determining the non- 
available water in the soil by allowing them to wilt slowly. The rate at which 
the process occurred was shown to be of great importance; and although 
plants with possibilities of subterranean reserve water supplies (e.g. Ophrys 
and Fragaria) were able to survive, even after both shoot and root had withered, 
the majority of species, even under favourable conditions (i.e. a very slow 
wilting process) failed to use the last 5 per cent, of water present. It would 
therefore appear, from the results obtained, that the available water in chalk 
soils during a period of summer drought may fall to about 3-5 per cent., 
although the average available water content at the surface for the period of 
drought (about 6 weeks) was approximately 8 per cent. It was also shown that 
under certain conditions a water content of over 10 per cent, maybe insufficient 
to support the life of plants. 

6. At the surface the lag between precipitation and rise in water content 
was inconsiderable, but at a depth of 2 ft. 6 in. the lag may amount to a week. 

7. Th^ steeper slopes of the down were shown to have a lower water 
content than the crest. 

8. Bare ground was shown to be drier than that with a covering of 
vegetation. 

9. The water content, though not agreeing closely with the varying 
spatial values of any of the soil constituents, showed the most, marked relation 
to the organic content; the factors deduced for the water- holding capacity of 
the respective soil fractions being approximately in the following ratios: 
CaCOg 0-2, “clay” ()•(), organic 1-75. 

10. Some records were made of the air content of the upper f)arts of tlie 
chalk soil, and it was shown that chalk soils are well aerated in comparison 
with other types of natural soil in this country. 

11. A number of root systems were examined and a wide variation of 
type was found to occur. Considering some fifty characteristic species, the 
average extent of the working depths of the root systems was 4 -8 in., while 
the mean maximum penetration was 12-1 in. The most deeply-rooted species 
of the chalk-down flora were found to include Ononis spmosa and Poterium 
sanguisorba, both of which may possess root systems extending to a depth of 
3 ft. The plants were divided into three classes according to the depth of 
penetration of their root systems. 

12. The soil at a depth of 6-9 in. frequently proved to be more moist 
than at a lower level, while soil aeration decreases with depth. It would 
therefore appear that the combined optimum for aeration, water content and 
minimal fluctuation of the latter, occurs at a level between 6 and 9 m. from 
the surface. It is significant that the average working depth of the root 
systems of characteristic species coincides closely with this zone. 
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13. The most widely divergent types of root system were found among 
the more shallow-rooted species, i.e. those with roots confined to the first 
6 in. of soil; among these both fleshy and fibrous systems were found, as well 
as many varieties of form. 

14. The second group of plants with roots extending to a depth of 15 in. 
showed the widest range of variation of root from within the species, and this 
was considered to bear some relation to the fact that these roots are chiefly 
developed in the region of the soil where transition to the solid rock takes 
place, the nature and depth of this zone being very variable. Several members 
of the Leguminosae were conspicuous here, Anthyllis vulneraria being par- 
ticularly variable. 

15. The third group of plants, those with roots more than 15 in. deep, 
is chiefly remarkable for the rich development of roots in the fissures of the 
chalk; and it is suggested that the COg produced by their respiration may have 
an important leaching effect. These species have roots which penetrate to the 
level at which the capillary water supply is appreciable and are therefore least 
affected during periods of low precipitation. 

1(). Both the degree and extent of leaching may have an effect uj)on the 
root systems, since water content and other factors are involved. This is 
shown by comparison between the flora of Farthing Down and other chalk areas. 

17. The distribution of niycorrhiza and root hairs is described and both 
are shown fo be very variable. In only a few instances "was inycorrhizal 
attack shown to occur in definite zones, but the great majority of species 
examined were found to have fungal hyphae associated with their root systems. 
While certain species were destitute of root hairs when examined, the roots 
of most species were found to be well furnished with hairs (especially among 
some of the deeper rooters), whilst some retain their root hairs for a consider- 
able distance behind the root tip. 

18. The relation of root surface to leaf surface was found to be remarkably 
constant in some s|)ecies, e.g. Ophrt/s apifera. 

19. The period of foliation is described for a number of species, and the 
small proportion of ephemerals which occur is remarked upon. Certain species 
have a period of summer rest occurring when drought conditions are apt to 
supervene. 

20. A census of stomates was made in order to afford a bavsis for com- 
parison. On the whole, the characteristic sj)ecies of the chalk flora were found 
to be well supplied with stomates, while 77 per cent, of the 35 species examined 
liad stomates on both upper and lower leaf surfaces. 

Tlie water-content data show that the surface 3 in. of soil furnishes the 
largest average M^ater supply ; whilst the averages for all the lower levels are 
of the same order of magnitude. The data respecting wilting coefficients 
indicates that, despite the marked differences in water content at the wilting 
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point according to the external conditions, the majority of the chalk plants 
are liable to suffer injury if the water content of the soil falls below 10 per cent. 
It is apparent, therefore, that the surface layer where the minimum may fall 
below 9 per cent, is incapable of supplying a sufficiency of moisture for the 
majority of the calcicole species during the summer months. On the other 
hand, there is little difference either as regards the means or minima between 
the 6 to 9 in. horizon and that from 12 to 15 in. The aeration data show that 
the air content decreases rapidly with the increase of depth and it may 
therefore be assumed that here as in woodlands (cf. Salisbury, E. J., Structure 
of Woodlands, p. 384) the rooting depth is a compromise between the adequacy 
of water supply and the inadequacy of aeration. From this point of view the 
subsurface would appear to afford the optimum compromise; and the data 
furnished respecting rooting depths show that, whilst a few characteristic 
species have deep root systems, the majority possess roots that penetrate to 
a depth of from 3 to 6 in. 

Exceptions are furnished, inter alia, by Hieracimn pilosella and Ophrys 
apifera, both of which have very shallow root systems but which were found 
to be capable of withstanding appreciably lower water contents than the other 
species experimented with. 

The chalk flora has been generally accepted as a xerophytic community, 
and the present investigation confirms this estimate; for although during the 
greater part of the year there is a wide margin of water available in the soil 
for the use of the plants, in dry periods this may soon fall to the danger line. 
It is the ability of the sj)ecies to weather these drought periods which in a 
community of perennials must determine the floristic composition. The roots 
of the covering vegetation lie within 3 ft. from the surface but the greatest 
root development is confined to the up])er 9 in. and it is the movement of 
water in this zone which is of prime importance to the plant community. 
Doubtless this small margin of available water supply is largely responsible 
for the comparatively low average stature which the vegetation of the chalk 
down attains, and the even contour of its profile. 

In conclusion I should like to express my thanks to Dr E. J. Salisbury, to 
wliose continual help and advice any merit of this work is due, and to whom 
I am indebted for permission to publish Figs. 15, 18, 20 and 25. 
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INTRODUCTION 

Up to the present, the plant communities of the Bunter Sandstone of 
Nottinghamshire have escaped the attention of British ecologists, and have 

^ The greater portion of this paper forwed the subject of a Thesis accepted by the University 
of London for the degree of M.Sc, 
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gone unrecorded, except for a few brief references to dry oakwood and oak- 
birch-heath in Types of British Vegetation (19) and “ The Woodlands of England’’ 
(13). In the Victoria County History of NoUinghamshire, Prof. Carr (5) describes 
the general geological distribution of the flora, including the Bryophyta. 
Although the county possesses the finest primeval oakwoods in Britain, it is 
a melancholy fact that ‘Hhe published botanical literature of Notts., since the 
time of Howitt (1839). . .is very scanty^’ (5, p. 13). The presence of Quercetum 
sessiliflorae is of itself sufficient to make its ecological study interesting, in 
view of the progress made in our knowledge of that plant consociation, by 
the researches of Moss (12), and more recently of Salisbury and Tansley (15). 
The purpose of the present paper is to give a general account of the Bunter 
vegetation. 


GEOLOGICAL STRUCTURE (Fig. 1, p. 133) 

The area concerned in this investigation may be described as west-central 
Nottinghamshire, and extends approximately from Nottingham to the River 
Meden, a distance of 20 miles (32 km.). The county is essentially lowland in 
character. Only one fifty-sixth of its surface lies above 600 ft. o.d. and this 
high ground includes the Robin Hood Hills and much of the Bunter escarp- 
ment on the west. The bulk of the southern part of the outcrop lies above the 
200 ft. contour. Further north the Bunter produces some of the lowest ground 
in the county, where the soft sandstone has been easily denuded in the neigh- 
bourhood of the river valleys. 

The Bunter Sandstone. 

The outcrop of the Bunter has an area of 219 sq. miles and occupies about 
20 per cent, of the surface of the county. The line of strike of the varioiis 
geological formations runs from north to south. On the left side of the Trent, 
there are three prominent escarpments, the Permian, the Bunter, and that of 
the Keuper Waterstones, The outcrop of the sandstone is therefore well 
defined, and from the top of the escarpment, at 600 ft. o.d., the rock, with a 
broad eastern slope, dips to the base of the Waterstones at about 150 ft. o.d. 
The Bunter is about two miles wide near Nottingham but it broadens out 
rapidly to the northward and maintains a width of from six to nine miles. 
Borings show that the series undergoes a gradual and progressive increase in 
thickness to the north and north-east, from 221 ft. at Ruddington to 564 ft. 
at South Scarle. 

In the area surveyed, the Bunter Series is separable into two subdivisions, 
the Lower Mottled Sandstone below and the Pebble Beds or Conglomerate 
above. 

The Lower Mottled Sandstone is a fine grained, soft sandstone, generally red 
m colour, but mottled with yellow and white, the mottling of lighter tints 
being due to the removal of the film of oxide of iron that surrounds the grains. 

9 — 2 
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It shows marked current bedding, and there is a general absence of pebbles 
except to the west of Nottingham. Bands of clay are present, and in general 
there is more argillaceous material than is present in the Pebble Beds. From 
a thickness of 20-30 ft. near Nottingham, it increases northwards to 70 ft. in 
the Eobin Hood Hills and to about 100 ft. at Mansfield. It has a narrow out- 
crop extending from Nottingham into South Yorkshire, with indefinite 
boundaries both above and below, for there is a perfectly conformable passage 
from the Permian Marl at the base, whilst above, “ only occasionally does a 
distinct line of separation mark the slightly changed conditions of deposi- 
tion” ( 16 ). 

The Pebble Beds ” are mainly composed of rather coarse sand with a some- 
what sparse admixture of pebbles which sometimes occur isolated and some- 
times in broken strings and clusters, but rarely in segregated masses” ( 10 ). 
“The prevalent tint of the sandy portion is pale yellow or buff, yet in the 
forest country it is a dull red, with the highest portion often nearly white” ( 16 ). 
“The sand is sufficiently compact to form a sandrock but. . .can be crumbled 
readily between the fingers” ( 10 ). “The general absence of a cementing 
material leaves the sandstone so soft and friable that it has never been of use 
as a building stone” ( 18 ). False bedding is well marked, as in the rock below. 
The sandstone is barren of fossils except in the pebbles. These are smooth and 
well-rounded stones, chiefly of quartzite derived from rocks of pre-Cambrian 
and older Palaeozoic ages. Boulders of clay are known also to be present. 

Superficial Deposits. 

The glacial deposits of the Nottingham district occur chiefly as isolated 
patches of Boulder Clay, sand, and gravel. At Blidworth, on the Bunter, there 
is a mass of red Boulder Clay with abundant erratics, derived from igneous 
rocks of the Lake District, Millstone Grit, and Magnesian Limestone. These 
erratics are scattered sparingly over the country between Mansfield and 
Farnsfield. 

Glacial gravels occur in Annesley Park 600 ft. above sea level, the material 
being partly loose and partly conglomeratic, derived mainly from the Bunter 
but also containing Jurassic limestone. Drift gravels cap some of the hills to 
the north but do not extend much beyond Mansfield Woodhouse, as near 
Worksop there is no trace of them. 

It will be seen, therefore, that the bulk of the drift has been removed by 
post-Glacial denudation, and the Glacial deposits have no serious influence on 
the vegetation of the Bunter Sandstone as a whole; although, in the discussion 
of plant habitats on the sandstone and the drift, certain considerations must 
be taken into account. For example : 

(a) The gravels may consist entirely of detritus derived from the Bunter, 
and may therefore produce a similar habitat. 

(b) The presence of clay in several places on the Bunter outcrop should 
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Fig. 1, Two geological sections from west to east across the Sherwood Forest area. The 
upper section passes across the southern part of the forest, where the Bunter 
escarpment is boldest and highest. The lower passes further to the north and 
shows the relation of the Bunter to the Keuper beds. 
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be noted; these areas are marked on the Geological Survey maps and are 
apparently unconnected with drift, but the gravels also may contain clay in 
sufficient quantities to affect the vegetation. 

(c) The Drift may contain cementing material, as in the case of the con- 
glomeratic deposits at Blidworth, Annesley Park, and hills to the north and 
east. The presence of a substratum of boulders just beneath the surface in the 
Drift at Ollerton has been noted, and its effects on the woodland vegetation 
will be described later. 

Alluvium. On the Bunter, river gravels and alluvium are confined to the 
valleys of the few streams that cross the outcrop, e.g. the Maun, the Meden, 
and their tributaries. Except for a few brief references, the vegetation of these 
soils is not described in the present paper. 

SCENERY 

From the foregoing notes it will be gathered that the Bunter country is 
undulating in character, with hills that have a steep slope to the west and a 
gentle slope to the east. The absorbent capacity of the rock is high and there 
is very little surface drainage. A few streams rise in the high ground in the 
west of the county. Of these, the Leen and the Erewash flow southwards to 
the Trent along the outcrops of the Coal Measures and the Permian Marl 
respectively. The Maun, the Meden, and further north, the Poulter and the 
Ryton run eastwards across the Bunter outcrop and join the Idle, a left bank 
tributary of the Trent. These are the longest streams in the county, and it is 
only in their valleys and those of their tributaries that the water table reaches 
the surface, except on the eastern edge of the outcrop, “on low ground at its 
[the Bunter outcrop’s] top where the easterly dip carries it beneath the im- 
pervious Keuper, and the pent-up waters escape, as it were, over the tilted 
lip" (10). 

The rivers and streams do not depend immediately on the rainfall, are not 
transformed into torrents after falls of rain, and are seldom subject to floods. 
Lateral erosion keeps pace with vertical, and consequently they have wide 
valleys. “Instead of gorges, there exist on either side flats with marshes and 
marsh vegetation” (18). 

“ Nevertheless the Bunter country is everywhere characterised by ramifying 
valley systems, clearly the result of erosion by running waters at some bygone 
period, but now all, or nearly all, permanently dry'" ( 10 ). 

CLIMATIC CONDITIONS 

In Nottinghamshire the prevalent winds are those from the south-west and 
west, and blow for one-third of the days in the year. Easterly winds are 
commonest in March, and give rise to the dust storms so frequently seen in 
the Bunter country at this time of the year. 

Temperatures are relatively extreme, for there is an annual range of 



J. W. Hopktnson 


135 


39® F. (nearly 22° C.) between the average minimum in January of 31° F. 
(— 0*4° C.) and the average maximum in July, of 70° F. (21° C.), whilst a daily 
range of 26° F. (14*5° C.) has been recorded (May 20th, 1909). The amount of 
sunshine is moderate, the average for 25 years being 1252 hours (at Worksop). 

Rainfall, Maps by Col. Mellish (in Swinnerton, County Geog.) and H. R. 
Mill (in Goodwin, Soils of Notts.) show that the whole of the area, from Notting- 
ham to the River Meden, has an average rainfall just exceeding 25 in. (635 mm.), 
but on the Bunter further north, where the ground is lower, the average falls 
below 25 in. (635 mm.). The rainfall is highest on the Robin Hood Hills where 
it reaches 30 in. (760 mm.), and there is quite an obvious relation between the 
distribution of the rainfall and the physical features of the county as a whole, 
the isohyetal lines running more or less parallel to the escarpments. In dry 
years the rainfall on the Bunter may be as little as 16 in. (408 mm.) as in 1921 , 
and in wet years, as much as 36 in. (915 mm.) as in 1 919, 1920. Seasonal records 
show that the summer rainfall is high, as about two-fifths of the total rain for 
the year falls from May to August inclusive. 

EDAPHIC CONDITIONS 

The soils of the Bunter are dry and sterile; mechanical analysis sho^\^ that 
they are composed of from 80 to 90 per cent, of coarse and fine sand, the former 
greatly predominating. The relatively small proportions of clay and humus 
give it lack of cohesion, and make it open and friable. In addition, the humus 
is frequently derived from xerophilous plants and is often undecomposed. 
For these reasons and owing to the dryness and the consequent paucity of 
earthworms and bacteria, the colloid content is extremely low, and hence the 
soil has very little power to adsorb and retain water and soluble salts. Drainage 
is excessive owing to the large size and roundness of the grains and the high 
degree of porosity of the sandstone below. The capillarity of the soil is slight, 
and it has little power of raising water. The depth of the water table is an 
important factor. On the Lower Mottled Sandstone and on the scarp slope 
generally, the seepage from higher ground is considerable, and besides this, 
the clay content of the soils here is rather above the average. During the 
sinking of the well at Kirkby Waterworks, in a valley near Noman’s Hill 
Wood, the first onflow of water occurred at the bottom of the Bunter Pebble 
Beds, 46 ft. 8 in. (14*2 m.) below the surface (416 ft. o.d. ^ c. 127 m.), and it 
should be noted that much of the surrounding country reaches 600 ft. (c. 
183 m.). The sterility of some of the arable land in this region is apparent, 
even to the casual observer, and corn only 6 in. (15 cm.) in height, overgrown 
by the far too abundant spurrey, is a sight not infrequent in dry seasons. 
In this area the usual four-year rotation is often prolonged to five or six years, 
sheep being fed on the grassland for two or more years. On the other hand, 
in the deeper valleys of the Maun and Meden, the presence of the rivers shows 
the water table to be relatively nearer the surface, and the arable land is more 



136 Studies on the Vegetation of Nottinghamshire 

fertile. The water table also reaches to within 20 ft. {c. 6*1 m.) of the surface 
along the eastern border of the outcrop. The general absence of villages on the 
Bunter, due in part to the impossibility of obtaining water from shallow wells, 
emphasises the great depth of the water table and the sterility of the soil. 
The sinking of deep wells has tended to lower the general level of the ground 
water, for a number of hollows and valleys formerly wet are now dry, except 
immediately after a period of excessive rainfall. 

The lime content is low and the soil consequently tends to become sour, 
spurrey (Sagina nodosa), sheep sorrel (Rumex acetosella), and other “acid 
indicating” plants being abundant on cultivated ground. Estimations of the 
hydrogen ion concentration were made in a few cases in the field, using Allen 
and Hanbury’s Compound Indicator and Gimmingham’s gravitational water 
method ( 8 ). A large number of samples were tested with potassium thio- 
cyanate ( 6 ), and the colour reactions compared with a scale of five standard 
tints. The numerical results are given elsewhere, but it may here be said, 
that in every case where the humus, soil, and subsoil were tested as above or 
with litmus, an acid reaction was obtained, and in most cases it was pronounced. 

The relative absence of calcium salts may result in the lack of physiological 
balance in the nutrient substances of the soil. Comparison with the more fertile 
but extremely variable soils of the Keuper Marl reveals the smallness, in the 
case of the Bunter, of the ratio of calcium carbonate to the total solutes 
present (taken as “loss on solution”). 


Table L (Compiled from Goodwiri^s analyses.) 




Keuper 

Bunter 

Average CaCOs content of anrface soils 

/o 

240 

0/ 

/<) 

01 47 

Average “loss on solution’ 

’ of sui-face soils 6-40 

1-73 



Ratio - 0-38 

0085 

Average CaCOs content of subsoils 

5-76 

0-22 

Average “loss on solution’ 

’ of subsoils 

8'39 

1-77 



Ratio = 0-60 

013 


It has already been mentioned that local bleaching of the sandrock is 
characteristic of the Bunter, and it will therefore be expected that leaching of 
the surface soils will be very pronounced. Decolorised sand grains are abundant 
in every sample examined, both of the soil and subsoil, and the surface of 
arable land, of grass heath, and of bare ground after fires is white with bleached 
sand, particularly after heavy rains. If the humus is carefully removed from 
woodland soil, or the peat from heaths, the surface is seen to have the same 
appearance. To compare in some measure the leaching of the Bunter soil with 
that of the richer Keuper Marl, the difference between the “loss on solution” 
of the soil and the subsoil may be considered, and also their general composition. 
In the case of the Bunter, the data are the averages of numerous analyses, 
but Keuper soils are extremely variable and the values given are based on the 
analysis of a single typical fertile soil. 
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Table II. Comparison of Keuper and Bunter soils. 




Keuper 

Buntor 

Clay content 

Soil 

S-OO 

0-27 

Subsoil 

1311 

0-47 

Loss on solution 

Soil 

5-96 

1-73 


Subsoil 

90() 

1-77 

Loss on ignition 

Soil 

4-82 

3-20 

Subsoil 

4-23 

2-34 

Total potash (KgO) 

Soil 

0-544 

0-0445 

Subsoil 

0-6930 

0-0162 

Total phos. acid (P2O5) 

Soil 

0-1242 

0-1165 

Subsoil 

0-11:10 

0-075:1 

Nitrogen 

Soil 

0157 

0-117 

Subsoil 

0-0310 

0-079 

Lime as carbonate 

Soil 

3-70 

0-1408 


Subsoil 

8-24 

0-220 


Thus the loss on solution is greater in the case of the Marl, but certain 
facts must be set against this. The colloid content is greater in the Marl, 
particularly in the subsoil, and therefore the adsorption of NH4, K, and PO4 
ions is greater too. It will be seen that the K2O content is greater in the sub- 
soil than in the soil, the P2O5 content nearly as great, and vice versa in the 
case of the Bunter. In both soils there is a greater nitrogen content than in 
the subsoils, owing to loss of nitrates by solution in the drainage W’ater. 

Other factors influencing the composition of the surface soil are: 

(1) The ''general insohibilUy of the soil constituents'' (10). Analyses of 
tlie ground waters of the Bunter, Keuper Marl, and Magnesian Limestone 
support this statement: 

Total solids on evaporation 

Bunter Papplewick Waterworks* 0 018 gni. per 100 c.c. 

Magnesian Limestone Annesley well* 0 0068 „ 

’ Keuper Marl Well at Newarkf 0188 ,, 

* Data kindly supplied by the Chief Engineers to the Nottingham Corporation and the Basford 
Rural District Council. 

t Viclorid County IIiHlory of N ottingli am shire, p. 20. 

(2) The burrowing of rabbits, which bring large quantities of subsoil to the 
surface of heaths, arable land, hedgerows and woods. 

(3) Wind erosion. The lightness of the soil makes it a '‘blowing sand.” 
Wind erosion is especially noticeable during a dry spring, when the east winds, 
usually prevalent in March, carry clouds of dust across the fields. A great deal 
is stopped by the hedgerows, and at this time the hedgebanks frequently have 
the appearance of sand dunes. Insufficient use is made of shelter belts by means 
of which the effects of erosion and evaporation by the wind could be reduced. 
Long narrow strips of pine plantation are numerous in places, and the larger 
plantations also give protection to adjoining fields. It may be suggested that 
the extensive felling of the war period, if not soon followed by replanting, will 
appreciably lessen the fertility of the soil in certain areas, low as it is already. 

(4) Surface denudation by heavy rainstorms. This is a feature well known 
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on the Bunter, though ‘'up to the present very few facts bearing upon this 
subject have been collected” ( 18 ). Normally, there is very little surface drain- 
age, about one-third of the rain being absorbed and from 0*5 to 0*6 lost by 
evaporation. But during heavy rains, the surface becomes saturated very 
quickly, and torrents of short duration carry the soil down the slopes to the 
valleys below. About twenty years ago, during a thunderstorm, the rain 
carried so much earth down the Robin Hood Hills to the mining village of 
Annesley, that working parties with carts and shovels were employed in clear- 
ing it out of the dwelling houses. On August 7th, 1922, 3-86 in. (98 mm.) of 
rain fell in the Nottingham district in 24 hours. Ploughed fields on the slopes 
of the hills suffered tremendously, the crops, such as turnips, being removed 
en niasse. At Caudwell Dam, near Sutton-in-Ashfield, a channel a foot (say 
30 cm.) wide and about a yard (c. 1 m.) deep was formed down the hillside, 
and the detritus from the field and channel was carried into the lake, giving 
rise to a delta of soil 10 yds. (say 9 m.) across and extending 10 ft. (say 3 m.) 
out from the margin. 

The following table summarises the results of the analysis of seven cultivated 
soils and their subsoils, typical of the Bunter, and are given to illustrate their 
general character. In ( loodwin’s opinion “ these soils would appear to be very 
near the limits within which ordinary cultivation can profitably be carried 
out” (9). 

Table III. Analyses of Bunter soils (9). 

Surface soils Subsoils 







Mechanical analysis 

Average Range 

Average 

Range 

Fine gravel 

1-65 

0-47- 3 (34 

0-96 

0-3 - 2-0 

Coarse sand 

b4-31 

53-79 74-98 

66-89 

53-94-77-47 

Fine sand 

22-58 

11-23-31-32 

21-57 

10-62-33-16 

Silt 

2-51 

1-98- 4-34 

2-58 

1-56- 4-66 

Fine silt 

305 

0-82- 5-47 

2-74 

0-66- 5-19 

Clay 

0*27 

0-15- 0-41 

0-47 

0-31- 0-64 

Moisture 

107 

0-70- 1-82 

0-86 

0-64- 1-02 

Loss on solution 

1*73 

1-22- 2 33 

1-77 

108- 2-76 

Loss on ignition 

3-26 

2-35- 5-28 

2-34 

1-34- 3-38 



Surface soils 


Subsoils 

Chemical analysis 


t 

Average Range 

Average 

Range 

Total potash (KoO) 


0-0446 0-012-0-048 

0-0162 

0 007-0-047G 

“Available potash” (K-0) 

0-00236 0-001-0-004 

— 



Total phos. acid ( PoOg) 


0-1165 0-078-0-147 

0-0753 

0-058-0- 100 

“Available” phos. acid (PpOr) 

0-0257 0-003-0-054 

— 



Nitrogen 


0-117 0-101-0-140 

0-079 

0-07 -0-091 

Lime as carbonate 


0-1468 0-026-0-37 

0-220 

0060-0-73 


Finally, it is interesting to compare the soils of the Bunter with those of 
the Bagshot Sands (Eocene) in the South of England, which bear a similar 
heathy flora. The latter are finer grained than the Bunter and contain more 
clay, whilst the lime content is slightly higher. The Bagshot area has approxi- 
mately the same rainfall as that of the Bunter. 
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Table IV. Composition of the soil of the Bagshot Beds. 

{Encydop. Brit, lltli Ed., Article “Soil.”) 

Coarse sand ... ... 32% Nitrogen... ... 019% 

Fine sand 40 Phosphoric acid ... ... ... 018 

Silt 12 Potash 019 

Fine silt ... ... ... 8 Calcium carbonate ... ... 0*23 

Clay 8 

THE FLORA OF NOTTINGHAMSHIRE^ 

The most recent account of the local flora is that given by Prof. J. W. 
Carr in the Victoria County History. Of the 1 660 indigenous species of Phanero- 
gams and Vascular Cryptogams, as given in the 9th edition of the London 
Catalogue, only 854 arc found in Notts., a number less than those of the adjacent 
counties. The absence of uplands of any considerable height and the fact that 
the county has no coast line will account for the absence of about 350 species. 
The Nottinghamshire flora has therefore only 65 per cent, of the species which 
are known to occur in the inland lowland flora of Great Britain. This is due 
to various causes, such as : 

A. Lack of variety in the physical conditions. 

B. The high state of cultivation of most of the area. Tlie only extensive 
uncultivated districts are on the Bunter, the soil of which, being dry and 
having an acid reaction, possesses but a scanty flora. There has also been a 
considerable conversion of arable land into pasture. 

C. The absence of marsh and bogland, and of large natural sheets of water. 
Lacustrine plants are usually absent from the well-kept park lakes. 

D. The growth of industrial towns, the sinking of deep wells and collieries 
which has led to the lowering of the water table, and the drainage and dis- 
appearance of what little bog there was. 

E. The Magnesian Limestone has not so rich a flora as the other important 
limestones of Great Britain. 

F. To these factors there must be added the pollution of the atmosphere 
by smoke and the toxic effects of sulphur dioxide and hydrogen sulphide, 
particularly on the Cryptogamic flora ( 12 ). These injurious influences are 
becoming intensified by the eastward extension of the coalmining area, and 
the industrialisation of the rural districts. When it is borne in mind that the 
future development of the mining industry in the centre and north of the 
county is expected to provide for a new population of about 200, OOO, the fate 
of much of the existing natural vegetation is not difficult to foresee. 

SHERWOOD FOREST 

The sterility of the Bunter soil is chiefly responsible for the fact that 
considerable portions still retain a primitive form of vegetation, the remnants 
' Maiiily summarised from Carr (5). 
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of the ancient Royal Forest of Sherwood. The forest was about 26 miles 
(40 km.) long and from 8 to 10 miles (13 to 16 km.) wide, with an area of abbut 
100,000 acres. It was a royal forest before the Conquest, but the first recorded 
‘"perambulation” was that of 1232, and shows that except in two localities, 
Sherwood was confined to the Bunter outcrop. In the district west of Mans- 
field, the forest extended on to the Magnesian Limestone, and in the south- 
east, between Nottingham and the Dover Beck, on to the Keuper Waterstones 
and Marl. According to Evershed^, it was “not all of one monotonous charac- 
ter, like some of the deer forests of Scotland, but diversified and picturesque, 
partly in timber, partly in extensive tracts of heather, gorse or broom.” 

The survey of 1609 gives the following details: 

Inclosures 44,8.39 acres Bestwood Park 3672 acres 

Woods 9,486 Clips tone Park 1583 ,, 

Knclosures 35,080 „ Bulwell Park 326 „ 

89 406 ^ Nottingham Park 129 ,, 

Clipstone Park was destroyed during the Civil War; “not a tree was left 
standing.” After the Restoration, more than 4000 acres in the north were 
transformed into ducal parks, but Birklands and Bilhaugh remained in the 
possession of the Crown until 1800. The Enclosure Acts, 1789-1796, brought 
8248 acres into cultivation, chiefly on the western border. Finally, Sherwood 
passed to the Lords of the Manor and ceased to be a Royal Forest ; the greater 
part of it is now taken up by the estates of Welbeck, Clumber, Rufford, and 
Thoresby, in the “Dukeries,” and Annesley, Newstead, Papplewick, Sherwood, 
and Bestwood, further south. 

VEGETATION OP THE BUNTER SANDSTONE 
(1) The Dry Oak WOOD Consociation. 

The primeval oakwoods of Sherwood are best seen at Birklands and Bil- 
haugh, north of Edwinstowe. Their ancient condition was described by 
Camden, the historian ( 2 ), as “one close continued shade with the boughs of 
the trees so entangled in one another that one could hardly walk single in the 
paths. . . . The forest is sadly altered now, only a few vestiges of its olden glories 

still survive At Bilhaugh, are oaks that cannot be less than six or seven 

centuries old.” Cox ( 7 ) says that in 1680, “ although there were many thousand 
standing trees, few there were but what were decaying, and very few useful 
for the navy.” In 1794, according to Lowe, there was here “an o^en wood of 
large oak, but mostly decayed or stag-headed” ( 11 ). 

In an area of 1487 acres, there were 

in 1609, 49,909 oaks (including hollow trees); 
in 1686, 37,316 oaks; 
in 1790, 10,117 oaks. 

^ Journal of Forestry^ 3. 
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Fig. 2. Sketch map of the County of Nottingham, showing the extent of the Royal 
Forest of Sherwood in the 13th century, and its relation to the outcrop of the 
Bunter Sandstone, the River Trent, and the Great North Road (based on 
a map by Swinnerton, 17 ). 
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Thus in a period of one hundred and eighty years, of these fifty thousand trees, 
four-fifths were cut down. In consequence of this intensive felling, the wood- 
land varies very much in character, showing all stages between open “ park — 
here grass heath dotted with trees — open oak-birchwood with a grass-heath 
ground flora (PI. I, Phot. 1), and closed oakwood or birchwood with a 
monotonous undergrowth of bracken. 

In places, young oaks have recently been planted (wired against rabbit 
attack) to fill up the canopy, and since it is likely that this policy has been 
followed for many years, there seems no doubt that large numbers of the trees 
in these woodlands have been planted. Furthermore, a natural aspect due to 
their irregularity of position is no criterion of spontaneity. Various existing 
plantations of oak and chestnut were laid out in 1825, 1833 (the Greendale 
Oaks) and 1848, to mention a few definite dates, but there are records of 
extensive planting as early as 1726. Areas left bare by the cutting of timber 
during the late war reveal the presence of isolated scattered '‘stag headed” 
and hollow “giants.” Hence, from this practice of sparing the venerables, it 
follows that these old trees are, in some parts, the only survivors of the natural 
oakwoods, and all the woods comprising young trees and those of moderate 
age, i.e. 206 years! or less, are “seminatural.” 

The ancient oaks are still very numerous. Some, like the Major Oak, are 
short trees with boles of tremendous girth and extensive crowns: one at 
Shireoaks is said to have given shelter to 230 horsemen ! The other type, 
which is more abundant, grew in close canopy, for their boles have great height 
as well as girth. 

The woodland varies considerably in regard to the dominant species. A 
complete census of the old oaks would be interesting as giving some indication 
of the composition of the original forest, but it was not possible, even after 
much labour, to identify more than a relatively small number of trees, and it 
is not suggested that a precise value should be attached to the figures given 
here. Of 242 ancient oaks examined, 35 per cent, were found to be Quercus 
sessilijlora, 57*4 per cent. Q. robur, and the remainder (7-6 per cent.) hybrids. 
Of 318 younger trees examined at Birklands, 53*8 per cent, were Q. sessilijlora, 
and 40 per cent. Q. robur. Most of the durmast oaks belong to the variety 
(b) pubescens (Loudon), though the variety (a) gemiina (Willkomm) also occurs. 
The hybrid Q, robur x sessiliflora has not hitherto been mentioned in any 
published record as occurring in the county, and Nottinghamshire does not 
appear in the list given by Moss in Journ. Bot. 1910, p. 34. 

The following table shows some of the more striking variations in the 
distribution of the oaks, and whilst either Querom robur or Q. sessiliflora may 
be locally dominant, with the other absent, sub- or co-dominant, there is some 
indication that the durmast oaks are now more numerous than formerly. 
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Table V. VaricUions in the dominant species in the d/ry oahwoods. 


Locality 

Relative age 

Q. robur 

Q. sessiliflora 


Hybrids 

Birklands, south side 

Young 

Old 

45 

9t) 

3 

58 

.11 

same wood 

Birklands 

Young 

30 

26 

0 


Birklands, N.W. of Major Oak 

Young 

2 

54 


same wood 


Old 

— 

5 

— ) 

1848 Plantation 

Young 

Old 

(i 

3 

35 

1 

3! 

same wood 

Thieves’ Wood Plantation 

Young 

30 

74 

7 


Strawberry Hill Plantation 

Young 

19 

48 

1 



Note. The terms young” and “old” are used in the above list merely to differentiate 
between the ancient trees ana those of more recent date. 

BiRCHWOOI). 

The birch, Bet ala puhescens (= B. tonientosa) is always present to a greater 
or less extent in Birklands (i.e. Birchlands) and Bilhaugh, and much of the 
primitive woodland may be described as oak-birch wood in which Q. robur 
and /or Q, sessilijlora are dominant or co-dominant, and B, puhescens frequent 
to sub-dominant. 

Although nearly absent from some of the sessilijlora woods, yet self-sown 
birches abound in lines along the rides. Seedlings compete with Calluna and 
with grass-heath species, whilst older plants about 4 ft. high are common. 
Birches also occur frequently along the margins of the pine plantations. One 
factor affecting the propagation of B, ptibescens from seed is the light intensity, 
for removal of the oaks results in the formation of a more open canopy, and 
the increase in abundance of the birch. Ultimately pure birch wood may 
develop, and frequently forms a much closer canopy than the oak-birch wood. 

Pure birch wood also occurs on Drift gravels just to the north of Ollerton. 
The boundaries of tliese patches of drift are indefinitely marked on the 1 in. 
(Jeological Map, and possibly they may be more extensive. The one to the 
west of the Worksop road is occupied by grass heath, but the other is covered 
with pure birchwood in close canopy (PI. I, Phot. 2). A gravel pit shows 
the presence of a stratum of quartzite pebbles at the top of the subsoil, about 
12 to 18 in. (say 30 to 45 cm.) below the surface. The boulders are sufficiently 
close to make this conglomeratic layer an obstacle to the growth of roots and 
to the capillary uplift of water from below. Hence the absence from these 
gravels of deep rooting trees like the oak, and the abundance of the birch, a 
shallow -rooting species capable of thriving on the dry soils. 

Apart from the region between the Maun and the Meden, it is doubtful 
whether any primitive woodland remains, though individual trees of great 
age still persist in some localities, e.g. the Pilgrim Oak at Newstead and 
Haywood Oak near Blidworth. In 1624 there was a destructive forest fire, 
which was finally put out by the changing of the wind, ‘'as the fire was 
approaching the northern end of the great long wood that then stretched from 
Mansfield to Nottingham'’ ( 5 ). This district is still well wooded, despite the 
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extensive felling of 1914 to 1918, and Noman’s Hill Wood, Thieves’ Wood, 
Harlow Wood, Kighill Wood and others were investigated. 

Noman’s Hill Wood, forming part of the Portland Estate, is apparently 
the area of which Major Kooke wrote in 1799, “The Marquis of Titchfield 
had sown upwards of a hundred acres in parts of the old forest between 
Mansfield and Nottingham with acorns^.” In the portions now remaining, the 
oaks are from 6 to 30 ft. apart in rows about 20 to 45 ft. apart. They are in 
close canopy along the rows, but open sky frequently appears between them. 
The trees are tall with thick straight boles, rather large for use as pit-prop 
timber, for which purpose parts of this and other woods in the district were 
cut during the war, the trees used often being small and stunted. Q. robur is 
the dominant species, but Q. sessiliflora is fairly abundant, and the hybrid 
occasional^. Betula puhescens occurs frequently, in all stages from seedlings 
to trees as high as the oaks. The former are common on and alongside the 
rides. The older birches are more abundant along the margins of the wood than 
in the interior; they are situated irregularly with reference to the tree rows 
and have obviously originated spontaneously. 

Small areas of pure birchwood are to be found, and their number is in- 
creasing owing to the extensive felling of the war period. 

This plantation-like appearance is less marked in the case of Harlow and 
other oakwoods, for they are more open, and the birch is sub-dominant; they 
approximate in form to the oak-birchwood of Birklands. 

The Spanish chestnut, Castanea saliva, is found in most of the mixed 
plantations and semi-natural oakwoods of the Bunter, and there is a fine 
avenue of these trees in Thoresby Park. Although the chestnut is certainly 
not indigenous to these soils, yet there is ample evidence that it can spread 
naturally from seed. Beech societies occur in several localities: one in Hagg 
Wood on the Newstead Estate (? planted by the poet Byron), where the trees 
are well grown and cast a shade dense enough to inhibit the growth of ground 
vegetation. The famous beech avenue near Ollerton should also be noted. It 
is doubtful whether the beech society actually exists on the Bunter as 
a naturally occurring plant community (cf. Types of Brit. Vey. p. 93), for the 
species has been planted extensively since 1726. 

The Shrub Layer. 

The most striking fact about the undergrowth of the dry oakwoods is the 
entire absence of coppice, and the scantiness of the shrub layer in general. 
Lonicera periclymenum is abundant, and in this habitat, adopts a decumben 
habit, owing to the absence of erect shrubs that might furnish supports suitable 
for climbing. In these situations the honeysuckle never flowers, nor in the 
open after the felling of the trees, but in the hedgerows it grows normally 

^ Sketch of Sherwood Forest, 1799. 

^ Note that in Thieves’ Wood (Table V) Q. sessilijlora is dominant. 



J. W. Hopkinson 


145 


and flowers abundantly. Cratasgus, Ilex, Samhucus and small oaks, chestnuts, 
and birches are occasionally met with. Ruhus fruticosus and R, Id<ieus are 
frequent, but are generally less robust (especially the latter) than in marginal 
or open situations. These, with Ulex europmus, Cytisus scoparius, and Prunus 
spinosa, belong rather to the scrub than to the oakwood. 

The Ground Vegetation. 

The ground vegetation shows the same paucity of species as the shrub 
layer and is characterised by the overwhelming luxuriance of bracken 
{Pteridium aquilinum) which occasionally reaches a height of 5 ft. Where the 
dry oakwood has a close canopy, the bracken is practically continuous, and 
is an important factor in the vertical stratification of the woods, which usually 
have a light open appearance, owing to the absence of coppice and to the 
position of the Pteridium below the eye level, so that one can see a com- 
paratively long distance. But so much light is absorbed by the bracken that 
the floor of the wood is generally bare. Actinometer observations show that 
in oakwood and in birch wood in close canopy, 7*3 to 53 per cent, of the diffuse 
light reaches the bracken layer, whilst only 0*4 to 10 per cent, reaches the soil, 
the mean value being less than 5 per cent. In other words, from 73 to 98 per 
cent, of the light falling upon the bracken “stratum” is absorbed by it, the 
higher numbers predominating where both canopy and bracken are close and 
continuous. 

Observations on closed Pteridium societies on the heaths confirm this 
result, the bracken alone, in the absence of trees, being able to absorb as much 
as 98 per cent, of the light. The shrub layer is very poor in individuals as well 
as in species, and, as a light-absorbing foliar canopy, is non-existent in these 
woods, in which the Pteridetum virtually fills the role of the coppice of the 
damp oakwood and ash-oakwood. It does not cast quite so deep a shade, 
however, as the coppice. 

The effect of the alternation between the “light phase,” from autumn to 
spring, and the “shade phase,” from leaf expansion to leaf fall, is less marked 
in these woods than in damp oakwood. Pteridium gives rise to a xerophytic 
type of humus, or rather of dry debris that covers the ground all through the 
winter to a depth of several inches. Other factors contributing to this slow rate 
of decay are the relatively small rainfall and the low water and lime contents 
of the soil. Even oak and birch leaves persist from autumn to autumn in 
masses where they fall, held by the petioles of the bracken. The importance 
of the “debris factor” will be discussed in detail later. 

With no coppice to be removed periodically, there is never any drastic 
change in the lighting of the woods, and the ground surface is almost con- 
tinually subject to light of small intensity for many years. Hence, in the 
absence of any periodic stimulus to the ground flora, it is not surprising to 
find that Pteridium in “ close canopy ” is unaccompanied by any other species 
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whatever, not even Holcus mollis or Sdlla, though the former is abundant 
wherever the bracken layer becomes scattered, and the latter is rare to oc- 
casional, never locally sub-dominant in any typical dry oakwood, thus far 
examined on the Bunter. 

In a birchwood at Birklands, a considerable amount of bracken had 
been cut, enabling a careful examination of the surface to be made. The soil 
was covered with leaf debris over about 2 in. of humus, and was practically 
devoid of what may be called “minor ground vegetation”; but a few isolated 
attenuated plants were present, including Galium, saxatile, Deschampsia 
flexuosa, Holcus mollis (none of them flowering), and Potentilla erecta and 
Rumex acetosella in flower. 

Occasional fires in dry years and the cutting of the bracken lead to the 
removal of the leaf debris and an increase of light during the shade phase, 
and so give the “periodic impetus” to small areas of woodland. The result is 
the temporary establishment of a ground flora similar to that of the margins 
of the woods and the sides of the rides, and consisting chiefly of the above- 
named species. It must be noted, however, that the fires also destroy the 
humus and the plants whose root systems are almost confined to it {Galium 
saxatile, Holcus mollis, etc.), and that the bracken is the least affected, since 
its rhizomes are situated more deeply in the soil. The species that such fires 
do let in are ruderals like Rumex acetosella, Poa annua, and Capsella, and 
seedlings of Ulex europaeus, Cytisus scoparius, Sambucus and Digitalis. 

Humus and soil. The humus layer ranges in depth from 1 1 to in., and, as 
has been said, is generally covered with leaf debris, more or less dry. It is 
not well decayed, for its plant structure is recognisable a year or more after 
leaf fall, and on the whole it is rather chaffy. The abundance of Basidiomycetes 
(PI. I, Phot. 3) testifies to its sourness and it always gives an acid reaction. 
The natural water content has not yet been determined, but it is obvious 
that differences do exist, influenced in part by the depth of the water table. 
The presence in a Birklands birch grove, of a pool with Ranuywulus jlammula 
and Heleocharis multicmilis {pPL 5*5 approx.) and the occurrence of Leucohryum, 
glaucum (pH 4) in Quercetum sessiliflorae, with Nardus bordering the rides, 
shows the comparatively higher water content of the soil of that district. 

2^ he Marginal and Ride Flora. 

These parts of the woods are usually well lighted, and are characterised 
by the presence of Deschampsia flexuosa and other grass-heath species which 
can endure a fair degree of shade. 80-85 per cent, of the plants occurring 
here are members of the grass-heath flora. Pteris is usually absent from the 
rides and is very open in the marginal habitats. Calluna and Nardus are 
frequently found alongside the rides: J uncus spp. and Ranunculus repens on 
the paths, where Luzula campestris also thrives well. Birch seedlings are 
abundant and become well established along the margins. 
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In these situations the herbaceous plants flower well, especially those 
which are frequently found in a non-flowering state among the Pteridetum. 
In the more open oak-birch woods, this marginal flora is extensively developed, 
forming a Pteridium-D. jlexuosa society which may occupy the entire floor 
of the wood. 

The Relation between the Woodland Trees and the Ground Flora. 

The ‘‘oak-birch-heath” that fringes the dry oakwood of Birklands is 
dotted with oaks and birches, singly or in clusters. Where the trees are fairly 
near together, Pteridium is dominant, being practically continuous, with 
Deschampsia jlexuosa sub-dominant beneath it; but where they are from 
50 to 80 yds. distant, D. Jlexuosa dominates the “heath,” and the bracken is 
reduced to a zone bordering the trees. This area has certainly been occupied 
by dry oakwood, and the disappearance of the once continuous covering of 
bracken was accompanied by the establishment of a closed, and in parts 
relatively pure, Z). jlexuosa society (PI. I, Phot. 4). The factors involving the 
decline of the oakwood ground flora in the face of the progressive grass-heath 
species may here be studied under particularly favourable conditions, for since 
the felling of the woods, this part of Sherwood has suffered little by the inter- 
ference of man. The oaks are aged trees of the “open” type, with boles of 
great diameter and extensive crowns that reach down to the ground. D. 
jlsxuosa stops short on the outer edge of the foliar zone (light intensity — 20 per 
cent.) in which Pteridium is dominant, accompanied by Holcus moll is and 
H. lanatus, thinly scattered amongst the dry leaf debris, this being held in 
position by the bracken and the oak branches. Around the bole is a wide 
zone, clear of debris, usually occupied by D. jlexuosa, here generally not 
flowering (light intensity — 12| per cent.). This distribution of the ground 
flora was found to be the same under numerous oaks (Q. robur) and under 
Aver pseudo'plaianus , occasionally planted. D. jlexuosa, however, is absent 
from beneath groups of Pinas sylvestris where a quarter-inch layer (6 mm.) 
of dry pine needles covers 2i in. (6 cm.) of humus, but the vegetation fringing 
the trees is exactly the same. 

The birches are surrounded by closed bracken societies, but the diminution 
of the light does not prevent D. jlexuosa from developing continuously be- 
neath, right up to the trunk. The debris does not accumulate here to the same 
extent as under the oak, and Holcus mollis is less abundant or absent. 

Under the tall oaks of the oak-birchwood, a ring of bracken closely invests 
the bole, covering much dry humus and leaf debris. D. jlexuosa dies out at the 
edge of this Pteridium society, beneath which nothing grows. 

The light intensities of Deschampsia jlexuosa habitats were found to range 
from 2-4 per cent, to 100 per cent., but in most situations where the illumina- 
tion falls below 12*5 per cent, (occasionally even at 25 per cent.) the grass 
does not flower, though even here it may form a continuous turf. In the oak 
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and birch woods, along the inner boundary of the D. jlexuosa marginal 
societies, the illumination of those situations from which the grass is absent — 
i.e. where the dry leaf debris accumulates in the open scattered Pteridetum, 
and where the carpet of heath-grass breaks up into “islands” among the un- 
decayed humus — varies from 14 to 62*5 per cent. It is clear that light intensity 
is not the factor which directly determines the distribution of the heath grass 
in these habitats. 

Where the dry oakwood is in close canopy, Pteridium forms a closed 
society right up to the edge of the rides, but differences have been observed 
according to the height of the trees. If the canopy is low, the Pteridetum 
extends to its edge, and grass-heath plants and Calluna do not cross the debris 
line : when the canop}'' is high, Pteridium does not extend beyond the line of the 
boles and D. flexuosa meets it there. 

Hence it is concluded that the master factor limiting the distribution of the 
ground flora in the dry oakwood is the slow rate of decay, leading to the 
accumulation of dry humus (up to a thickness of 4 in.), and loose leaf debris 
(9 in.), which is fatal to the existence of carpet plants and geophytes, and to 
the germination of seeds. As has already been pointed out, it reduces the 
illumination during the “light period,” and the result of its prolonged action 
is the entire disappearance or absence of plants which are not specially adapted 
to these conditions. It also explains the overwhelming dominance of Pteridium 
which, by reason of its deep rhizome, circinate vernation, and the length and 
strength of its petiole, is perfectly fitted for life in such a habitat. 

On the other hand, when the wood becomes open there is less dry debris, 
and D. jlexuosa, Galium saxatile, and other grass-heath species are able to 
enter, the former becoming sub-dominant. The thick, close, and often tussocky 
turf that it forms is an obstacle to the free development of Pteridium, which 
becomes scattered, leading to the further reduction of the amount of dry humus 
accumulated. The invasion of dry oakwood by grass-heath or heathy ground 
flora is, however, a very slow process, and, as will be seen, even after the dis- 
appearance of all the trees, the bracken society can hold its own for a long period. 

Holcus mollis. This species is the only other plant whi(h is well adapted to 
life amid the dry humus. Its shoots can penetrate the humus horizontally and 
vertically, the stolons being found generally in the top inch. The plant is 
absent from the closed Pteridetum, but can generally establish itself where 
the bracken is short and scattered. Although it is a frequent member of the 
grass-heath community, yet there it gives place also to D. jlexuosa; which 
forms a closer turf. Holcus mollis must be regarded as one of the f^w plants 
really abundant in the ground flora of the Bunter oak woods. 

Habitat Factors of the Oaks. 

In Britain, Quercus sessilijlora is dominant in woods occurring on shallow 
siliceous soils (often Palaeozoic) and on limestone soils from which the greater 
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part of the lime has been leached out. The Bunter is typical of those deep 
(often Mesozoic) sands where Quercus rohur and Q. sessiliflora are co-dominant, 
and on which either may be dominant. 

The edaphic conditions of Quercetum sessiliflorae in general are also pre- 
valent here (i.e. a low lime content, a low soluble mineral content and the 
accumulation of acidic humus) ; but owing to the softness and friability of the 
underlying rock the soil is deep, and this constitutes an essential difference 
between the Bunter and the older siliceous sandstones. Depth of soil is re- 
garded by Moss as a factor of great importance in determining the dominance 
of Quercus rohur or Q. sessiliflora. Salisbury (15) concludes ‘‘ that the contrast 
with woods of Q. rohur depends, at least partly, on a higher acidity corre- 
sponding with a lower content of soluble mineral salts and of water.” At 
Birklands, there are signs that the water is nearer the surface than is usual 
on the Bunter, and the consequent higher water content and diminished 
aeration may also lead to a higher degree of acidity in the soil. Again, leaching 
tends to remove the basic constituents of the soil, and where it is excessive, 
may be accompanied by a corresponding change in the vegetation from a more 
basic to a more acidic type. The suggestion is made that Quercus rohur has 
grown less abundant, and Q. sessiliflora more abundant on these deep sands 
as the acidity of the soil has increased, a change that may be regarded as the 
initial phase in the degeneration of the woodland and the development of 
heath. It is hoped that further investigations of the habitats of the two 
species as to the water content, acidity, and shallowing of the soil owing to 
the formation of j)an, will shed more light on the problem of their distribution, 
whicli in the absence of more definite evidence cannot be adequately discussed. 

The Plantations. 

Tho extensive tree felling of the eighteenth century was the cause of the disappearance of 
many of the oakwoods of Sherwood, but it is interesting to note that the Report of the Board of 
Agriculture of 1794 on Nottinghamshire declares that “a spirit of planting had prevailed through- 
out Sherwood for forty years,” and gives details regarding afforestation at Welbeck, Clumber and 
Rufford. At Welbeck, in 172(», there was extensive planting of oak, beech and chestnut with 
fir and larch to act as nurses: later, pure oak plantations were laid out for timber and bark. 
“Oak does best in mixed plantations with just enough beech to shade iO.” In Newstead Park 
the Lord Byron of the day cut down oaks wholesale to the value of £60,000, and a large part 
of the estate was turned into farms. Recent ownere of the property have found these unprofitable 
(i.e. since the repeal of the Com Laws) and considerable areas have been planted with conifers. 
During the past half-century there has been a marked increase in the area, devoted to woodland 
in Nottinghamshire, this reaching 30,433 acres in 1905b 

In addition to the semi-natural oakwoods already described, the plantations now in existence 
are of two main types, mixed woods composed largely of deciduous species with a few conifers, 
and pine and larch plantations. 

The Deciduous Plantawons. 

Only a few woods of this type on normal Bunter soil were investigated, and even these, situated 
chiefly south of Mansfield were very small, the largest plantations having been felled during the 

^ Victoria County History of Nottinghamshire (Forestry). 
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war. On many hilltops, and on the Bunter escarpment where the steep slope of the ground makes 
cultivation difficult, small plantations exist, but these in several cases are degenerating into 
scrub, the trees being past their prime. On the other hand, Coxmoor Wood near Kirkby and Little 
Oak Plantation at Annesley, attracted attention on account of their soils, which are more loamy 
than usual, and in which the humus is well decayed. 

Tlie pedunculate oak {Q. rohur) is the most abundant tree, but the chestnut, beech and syca* 
more are also very common, together with Pinus sylvestris and other Coniferae. Q. aeaailiflora is 
occasionally found in these plantations. The trees are in close canopy and cast a heavy shade: 
this explains the general absence of birch from the interior of these woods. There is usually no 
coppice, though/S’amfcwcM.^ nigr^aislocally abundant; Rubua spp. are abundant in marginal habitats, 
frequently accompanied by Lonicera periclymenum. The shrub layer is hardly more conspicuous 
here than in the dry oakwoods, though the ground vegetation is more varied. The deeper shade 
cast by the large leaved trees in close canopy prevents Pteridium from becoming abundant, 
except along the borders of the woods. For this reason the accumulation of dry leaf debris is 
less marked, but is still the cause, in part, of the scantiness of the ground vegetation in the interior 
of the woods. The light intensity, even in the shade phase, was rarely found to fall below 5 per 
cent, (range 3*1 per cent, to 12 per cent., average 6*6 per cent.) a higher figure than that recorded 
by Salisbury in the case of coppiced woods with a rich ground flora. 

The ground flora is best developed in marginal situations alongside the Pteridetum, and in 
places where there is a break in the canopy. Scilla non-acripta is abundant to locally sub-dominant 
accompanied by Nolcus mollia, Oalium aaxatile, DigitaliSt Oxalia, Dryopteria apinuloaa, and Viola 
riviniana ; on the loams of the Coxmoor and Annesley woods, these species, with Circaea lutetiana, 
Ranunculua repena^ Nepeia gle.choma, Lychnia dioica^ Veronica chamaedrya, Sanicula europaea, 
Urtica dioica, Oalium cruciata, and Oeum urbanum form numerous small societies, whilst Arctium 
lappa, Rumex spp., and Deschampaia CAxeajiitosa occur frequently. It is apparent that these woods, 
situated at the base of the Bunter outcrop, show similarities to damp oakwood and are worthy 
of detailed investigation. 

The Conifer Plantations. 

The conifer plantations are very numerous throughout Sherwood. The older ones arc generally 
pure pine woods (P. aylvealria), but mixtures with Picea and Larix are not uncommon. At Bilhaugh 
large areas have recently been planted with larch, bordered all round by the common pine. 
Larch canker is prevalent in some districts, and affects even trees a few years old. The pinewoods 
of Longdale have an abundant mixture of birch, the trees being from 30 to 40 ft. high in close 
canopy, but in general, Beiula is only found at the edges of the plantations, where it arises 
spontaneously and maintains itself well. 

These pinewoods present no unusual features: except near the margins, they do not possess 
a ground flora, though scattered Pteridium societies, with IJolcus mollia, Agrostia vulgaris and 
Deschampaia jtexuoaa are found in the less shady spots, especially where the birches or other 
occasional deciduous trees let in the light. Pteridium also occurs abundantly on the rides, with 
dead Calluna, which had colonised the paths while the plantations were young or before afforesta- 
tion, but had failed to maintain itself when the growing pinewood reduced the light intensity 
below its minimum requirements. 

Neither seedlings nor young plants of Pinua have been found growing naturally, and it appears 
that in this district, the pine does not propagate itself from seed. Moss regards its lack of pros- 
perity in the Pennines as due to the high rainfall, but the rainfall of the Bunter is not greater 
than that of the southern heaths which are being successfully invaded by sub-spontaneous pine- 
wood ( 19 ). 

R^eneration of the Woodlands. 

Oakwoods. The factors tending to prevent the natural regeneration of 
oakwood have been discussed by Moss (13), Watt (20) and others, and to this 
discussion there is very little to add, except by way of confirmation. Oak 
seedlings are not found growing under the close Pteridetum, but are frequent 
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alongside the rides and margins of all the oakwoods and of the mixed planta- 
tions where Pteridium is weakly developed or absent, and Holcus mollis, etc., 
often abundant. 

Young self-sown oaks are occasionally seen in the same situations. It is 
quite clear that on the Bunter Sandstone, as well as in other parts of England, 
the birch has a great advantage over the oak in the replacement of retro- 
gressive dry oakwood, or of any associated plant community. 

Rejuvenation by means of stool shoots seems to be more successful; and 
in the case of some woods recently felled, will lead to the formation of oak 
coppice in a few years’ time. In other areas, sycamore and chestnut are rapidly 
growing up from the stools, but these species are occasionally propagated from 
seed. 

Birchwood, Bircliwood is extending or arising spontaneously on the sites 
of several mixed woods and pine woods felled in 1915-17. The young birch- 
wood at the Sheepwalk Plantation, on the Newstead estate, was found to 
have developed chiefly from the stools, and is now dominant over the pre- 
(‘xisting Descham/psia f exuosa society, which has almost ceased to flower 
owing to the increasing shade. On Annesley Forest, the birchwood, now about 
10 ft. (3 m.) in height, is self-sown for the most part, though stool shoots are 
abundant. It is close enougli in parts to have killed off all the ground vegetation 
except Funaria. In both areas, seedlings are very abundant, but are frequently 
of a bushy type, the result of pruning by rabbits. On the Annesley drift 
gravels, the lateral roots of the seedlings are excessively developed, and run 
along under the carpet of heath mosses in the top 1-2 in. (2*5-5 cm.) of soil. 
The spontaneous birchwoods here described show neither the manner nor the 
rate at which well-established grass heath or Callunetum are invaded by 
Betula from without, as the habitat is being simultaneously competed for by 
ruderals, by Calhma, and by grass-heath plants. 


Floristic Composition of the Bunter Woodlands, 


Trees ; 


Quercus robur 

f.-l.d. 

,, sessiliflora 

f.— l.d. 

„ robur x sessiliflora 

B 

0. 

Betula pubesoens 

f.— l.d. 

Fagus sylvatica 

o. — l.d. (plantations) 

Alnus glutinosa 

La. (river valleys) 

Fraxinus excelsior 

r. (at base of Bunter, adjoining Permian Marl) 

Sorbus aucuparia 

r. — La. 

Pyrus malus 

r. 

Acer pseudo -platanus 

f. (planted) 

Carpinus betulus 

r. 

Castanea sativa 

o. — f. „ 

Larix europaea 

f. — l.d. (plantations) 

Pinus sylvestris 

f.— l.d. 

Populus alba 

r. (planted) 

Tilia europaea 

o. „ 

Ulmus campeatris 

r. „ 

„ montana 

r- .r 
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Floristic Composition of the Bunter Woodlands {contd.)> 


Shbubs : 


Betula pubescens 

f. 


Oalluna vulgaris 

l.f. 

(margins and rides) 

Oastanea sativa 

Crataegus oxyacantha (agg.) 

r. 

f. 


CytisuB Booparius 

Hedera helix 

o. 

(margins) 

Ilex aquifolium 

o. 


Lonioera peiiclymenum 

r. — ^f. 


Prunus spinosa 

r. 


Quercus spp. 

r. 


Rosa oanina (agg.) 

o. 

(edges) 

Rubus frutiooBus (agg.) 

r. — i. 

(Lab. in mixed woods) 

,, idaeuB 

r. — 

(edges) 

Salix caprea 

r. 

(Coxmoor wood, on wet soil) 

Sambucus nigra 

r. — ^l.a. 


Ulex europaeua 

f. 

(margins) 

Vaccinium myrtillus 

o. 

(margins, rarely fruiting) 

Viburnum opulus 

r. 

(one wood only) 

Viscum album 


Recently seen on Populus at Budby 


Ground Vegetation: 

Dry oak- 
birch wood 

Mixed 

woods 

Pine 

woods 

Margins 

Rides 

Achillea millefolium 

— 

— 

— 

o. 

— 

Agrostis vulgaris 

o.-— f. 

f. 

— 

La. 

La. 

Arctium lappa 

— 

o. 

— 

— 

— 

Arrhenatherum avenaceum 

— 

0 . (edges) 

— 

— 

— 

(Capsella bursa-pastoris) r. 
Carduus nutans 

, (after fires) 

— , 

— 

— 

— 

— 

— 

— 

0. 

Cerastium vulgatum (agg.) 

— 

— 

— 

— 

o. 

Circaea lutetiana 

— 

l.f. (one 

— 

— 

— 

Cirsium spp. 

wood only — wet) 



r. 

o. 

Deschampsia caespitosa 

r. 

o. 

— 

— ' 

— 

„ flexuosa 

Digitalis purpurea 

f. — ^l.s-d. 

— 

— 

a. 

a. 

o. — f. 

o.— f. 

— 

o. 

— 

Dryopteris filix-mas 

— 

r. 

— 

-- 

— 

„ spinulosa 

0.1. 

f. 

o. 

— 

— 

(Erica cinerea) 

— 

— 

— 

o.— l.f. 

o. 

Euphrasia officinalis 

— 

— 

— . 

o. 


Galeopsis tetrahit 

— 

r. — o. 

— 

— 

— 

Galium cruciata 

— 

l.f. (one 

— 

— 

. — . 

„ saxatile 

Geum urbanum 

0. — f. 

wood only) 
o. — ^f. 

<>. 

f. — c. 

f. 

— 

l.f. 


— 

— 

Heracleum sphondylium 

— 

o. (edges) 


— 

. — 

Holcus lanatus 

— 

o. 

— 

o. 

o. 

„ mollis 

Hypericum humifusum 

f. — a. 

f. 

f. 

f.— a. 

f.— a. 

— 

— 

— 

— 

o. 

Juncus bufonius 

— 

— 

— 

r. (wet places) 

— 

,, conglomeratus 

— 

— 

— 

0. ,, 

— 

„ effusus 

— 

— 

— 

0. 

— 

„ squarrosus 
Leontodon hispidus 

— 

— 

— 

r. „ 

— 

— 

— 

— 

— 

r. 

Luzula campestris 

— 

— 

— 

o. — a. 

o. — a. 

Lychnis dioica 

— 

l.f. 

, — 

— 

' — 

Myosotis oollina 

— 

— 

— 

f.c. 

f.c. 

(Nardus stricta) 

— 

— 

— 

— 

f. 

Nepeta glechoma 

— 

La. 

— 

— 

— 

Oxalis acetosella 

— 

o. 






Plantago major, var. 

— 

— 

— 

— 

r. 

intermedia 

(Poa annua) r. 

(after fires) 

_ 



o. 

Polygonum aviculare 

— 

— 

— 

r. 

— 
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Floristic Composition of the Bunter Woodlands (contd,). 


Ground Vegetation 
( oontd.): 

Dry oak- 
birohwood 

Mixed 

woods 

Pine 

woods 

Margins 

Rides 

Potentilla reptans 

— 


— 

f. 

f. — a. 

„ erecta 

0. 

o. 

— 

f. 

f. 

Pranella vulgaris 

— 

— 

— 

o. 

o. 

Pteridium aquilinum 

(1. 

f. 

0. — ^f. 

f.— s-d. 

o. 

Hanunciilus repens 



f. 

(edges) 



o. — f. 

Rumex acetosa 

__ 

r. 

— 

— 

— 

,, acetosella 

o. 

o. 


f. 

f. 

,, crispus 

■ — 

r. 

— . 

— 

— 

,, obtusifolius 

— 

1 *. — o. 

— 

— 

— 

„ sanguineus 

— 

r. 

— 

— - 

— 

8agina nodosa 

— 

— 


— 

0. 

Sanicula europaea 

r 

l.f. (one 

— 

— - 


Scilla nutans 

r. 

wood only) 
f.— 1.8-d. 

o. (edges) 





Senecio jaoobaea 

— 

— 


— 

0. — f. 

Spergularia rubra 

— 

— 


— 

r. — 0 . 

Stellaria graminea 

— 


— 

0. 

— 

„ media 

— 

— 

— 

— 

r. — o. 

Teucrium scorodonia 

l.f. (in 

“open” places) 

— 

— 

— 

— 

Trifolium repens 


_ 

0. 


(Triodia decumbens) 

— . 

• — 


— 

r. 

Urtica dioica 

— 

I. a. 

— 

o. — I.a. 

0 ,- I.a. 

Vaccinium myrtillus 

r.~ o. 

l.f. 

— 


— 

Veronica arvensis 

(non-fl.) 




o, l.f. 

,, ohamaediys 


I.a. 

— 

r. 

r. 

,, officinalis 

— 

— 


r. 

— 

,, serpyllifolia 

Viola spp. (riviniana) 


— 


o. 

o. -l.f. 

o. 

I.a. 

— 

o. 

. — 


(2) The Scrub Association. 

The scrub association is found on the commons and warrens, but is most 
extensively developed by the waysides, which, in Sherwood Forest, are usually 
as wide as the roads themselves. Except for occasional fires, this wayside 
flora has suffered little damage by man, and as a habitat of relatively constant 
edaphic characters must be considered very old. There has consequently been 
plenty of time for natural changes in the vegetation to become well established 
by colonisation and succession, and it is not surprising to find that the scrub 
association has to compete with grass heath and Calluna heath, and with 
ruderals, which occupy patches of bare soil. Spiny shrubs such as Rosa spp., 
Ruhus spp., Crataegus, and Prunus spinosa are abundant, but Ulex europaeus 
is easily the leading dominant. Pteridium, Cytisus scopariics, and Lonicera are 
also abundant, together with many herbaceous plants which can flourish in 
the shelter and relatively slight degree of shade of the scrub. On the other hand , 
where Ulex forms pure societies, it frequently becomes extensive and close 
enough to drive out the ground flora entirely. Its recovery after fires seems 
to be rather more rapid on the wayside habitats than on the commons, 
probably owing to the more efficient dispersal of the seeds, and to a greater 
degree of freedom from the attacks of rabbits. The Ulicetum is a vigorously 
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progressive society; it has successfully colonised the sandstone ‘‘cliffs” and 
slopes of railway and road cuttings, and there is no indication that Pteridium 
is replacing it on the waysides. In fact, the bracken survives principally on 
the borders of the scrub and Ulex societies and along the hedgerows, and 
though fires are frequent, giving Pteridium an advantage for the following 
few years, there are not many wayside stations where it remains dominant. 
The re-colonisation of grass heath and scrub after a recent fire is being watched 
at several places on the Robin Hood Hills. It has been noticed that the gorse 
stumps which are overgrown with bracken are recovering more rapidly than 
others in the open, having longer and better developed shoots, due in part to 
less intense light, greater humidity, and less exposure to wind and to the 
depredations of rabbits. Owing to the herbaceous nature of the young shoots, 
protection by the surrounding vegetation is advantageous. 

On Annesley Forest, where Ulex is exposed to rabbit attack in the open, 
the small plants are of the cushion type, and older plants are normal, i.e. erect 
above, with a cushion-like base; but close by, even young self-sown birches 
form a sufficient screen, and the gorse has escaped attack altogether. 

Hence the scrub association is characterised by the shrubs of the marginal 
oakwood, which flourish much better after the removal of the trees. The 
Pteridetum and the ground flora of the oakwood remain to compete with the 
scrub, and there is evidence to show that these plants can retain their position 
for a very long time, assisted in part, by the fires that hinder the progressive 
formation of Ulicetum, or in situations where the grass heath cannot be easily 
developed. There is a local “ tradition ” that the Robin Hood Hills have always 
been treeless, this being based apparently on Byron’s poem, beginning “ Hills 
of Annesley, bleak and barren” (1806), but their character is due to the action 
of a former Lord Byron, who, in the eighteenth century, cleared the timber 
from the western part of the Newstead estate. After a century and a half 
these slopes are still dominated by Pteridium (1-2 ft. high), Holms mollis, 
Teucrium scorodonia, and Lonicera peridymenurn on the one hand, and abund- 
ant Ulex (last fired in 1921 and as yet not much in evidence), with Sambucus 
and Crataegus, representing the scrub flora on the other. The steep slopes are 
much affected by rainwash, and the rhizomes of the bracken are sometimes 
so near the surface that they have also been destroyed by fire. Grass heath, 
however, has established itself on level ground at the base and crest of the 
hills, and on the adjacent Mosley Hills, which are less steep. In the past, 
some of this land was farmed or grazed, but now forms part of the Hollinwell 
golf course. Although Pteridium has disappeared from the Mosley HiUs, 
Holms mollis still persists, and marks in one place the line of a hedgerow (the 
‘'linear extension of a wood”) after all traces of hawthorn, scrub, bracken and 
hedgebank have entirely disappeared. Here indeed, in the Holcetum mollis, we 
see the last vestige of the woodland flora. 

Hence it is clear that in considering the interaction of Pteridium and Ulex 
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euTopaeus, or rather of the scrub association and the woodland ground flora, 
the effect on the latter of the dominant grass-heath species, Deschampsia 
flexuosa^ must also be taken into account. 


The Scrub and Wayside Flora. 

Shrubs. 


Ulex europaeus f. — l.d. 

Crataegus oxyacantha (agg.) a. 

Cytisus scoparius o. — f. 

ilex aquifolium o. 

Lonicora periclymeiuim o. — f. 

Primus spinosa o. 


Kosa arvensis o. 

■ „ canina (agg.) f. — a. 

Rubus fruticosiis (agg.) a. 

„ idaeus f. — i.a 

Sambucufl nigra o. 


Associated herbaceous species. 


Pteridium aquilinum 

f.— l.d. 

Lychnis alba 

r. 

Agropyrum caninuin 

l.f. 

Nepeta glechoma 

l.a. 

,, repons 

Anthriscua sylveatriK 

l.f. 

Pimpineila saxifraga 

l.f. 

o. 

Polygonum convolvulus 

0. 

Arctium lappa 


Plantago lanceolata 

f. 

Arenaria serpyllifolia 

l.f. 

„ major 

f. 

Arrhenatherum avenaceimi 

a. 

Prunella vulgaris 

f. 

Calamintha clinopodiurn 

r. 

Ranunculus re pens 

f. 

Campanula rotundifoli^i. 

f. 

Rumex acetosella 

o.— f. 

Centaurea nigra (agg.) 

f. 

Sagina procumbens 

l.f. 

,, acabioaa 

0. f. 

Senecio jacobaea 

().— f. 

Chaerophyllum temuluni 

f. 

Silen© inflata 

r. 

Digitalis purpurea 

o. 

Sonchus asper 

o. (ruderal) 

Galeopsis tetrahit 

o. -f. 

Stachys sylvatica 

l.a. 

Galium aparine 

f. 

Stellaria graminea 

f. 

„ cruciata 

l.f. 

Tamus communis 

o.---f. 

Geranium robertianum 

r.— l.f 

Teucrium scorodonia. 

l.a. 

Heracleum aphondyliuni 

f. 

Trisetum flavescens 

r. 

Holcus lanatuR 

o. 

Urtica dioica 

f. 

„ mollis 

Hypericum perforatum 

a. 

l.f. 

Vicia cracca 

f. 


This list does not include the wayside species which belong to the heath and 
grass-heath communities, but only those strictly associated with the scrub. 


(3) The Grass-Heath Association. 

Grass heath is widespread on the Bun ter Sandstone and has originated in 
a variety of ways : 

(1) Land which has passed out of cultivation is rapidly overrun by grass- 
heath plants: arable land in the third year of rotation (i.e. second year grass) 
has been observed to contain 33 per cent, of the species found on grass heaths. 
Where the soil is sterile, the fields are frequently left in this condition for 
several years, and in such old “rotation grassland” approximately 46 per cent, 
of the grass-heath flora was found. Rumex acetosella is generally the dominant 
for the first few years, but it gives place to societies of Luzula campestris, 
Agrostis vulgaris (often very extensive), Galium saxatile, Holcus mollis, Poly- 
trichum sp., and even Nardus; whilst weeds such as Spergula arvensis, 
Geranium molle, Scleranthus annuus, etc. disappear. Deschampsia fiexuosa 
ultimately becomes dominant and forms the tussocky turf characteristic of 
Bunter pasture, to which the flowers of Senedo jacobaea sometimes give a gay 
appearance. 
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(2) Grass heath is colonising the bare ground on the sites of the conifer 
and deciduous plantations which had no ground flora, and invading the 
bracken societies left from the oakwoods : all felled within the last ten years. 
The subsequent changes in the vegetation are worthy of detailed consideration. 

Sheepwalk, Stonehills and Annesley Forest Plantations and Barber’s 
Wood, all situated about five miles south of Mansfield, were seen (1919) to 
be covered more or less completely with Ejdlobium angustifolium and Pteridium. 
The acres of brightly coloured pink flowers presented a sight most unusual in 
this district, and the abundance of the plant was remarkable. Unrecorded 
in Howitt’s county Flora of 1839 ( 4 ), it has flourished (along with Oenothera 
biennis) on the colliery waste heaps for years: these, lying just to the west 
of the plantations, have probably been the principal centres for its distribu- 
tion, for the autumnal gales would carry the innumerable seeds, perfectly 
adapted for wind dispersal, over a wide area. Having once established itself 
on the bare soil, temporary dominance is easily attained, for the rhizome 
extends rapidly at a depth of about 4 in. below the surface, low enough to 
avoid destruction by fire, such as, for example, that which occurred at the 
end of the dry summer of 1921. The colonisation of ruderal areas by E. angusti- 
folium has attracted attention in other parts of the country, for in the Journal 
of Botany, 47 , there is a note on its sudden appearance in a wood destroyed 
by fire in the Isle of Wight, no plants being there before, and its nearest known 
habitat two miles away. It also became widespread on the battlefield of the 
Somme, and some years ago it was conspicuous on London building sites which 
had been left vacant for some time after the old houses had been pulled down. 

The species subsequently gives place to Pteridium which becomes locally 
dominant; that is, in situations where it previously existed as a scattered 
society limited by the low illumination of the plantations, and now rapidly 
closing up as the result of a few years’ vigorous growth in the open. The fronds 
grow only from 1 to 2 ft. high, and there is much bare soil exposed, providing 
a habitat for Rumex acetosella and other ruderals, mosses, especially Funaria 
hygrometrica, Polytrichum commune, P, piliferum, P. juniperinum, and 
Ceratodon purpureus, and for the abundant seedlings and young plants of 
Calluna, Many rosette-forming Compositae and decumbent grass-heath species 
are spreading in from the old rides and waysides, but these are abundant only 
in the open and are practically absent from the bracken societies. The domin- 
ance of Pteridium in these situations is threatened in several ways, for its 
competitors are numerous. Calluna is abundant, even under the closed 
Pteridetum, having spread in from the waysides and margins of the wood, 
where it has long persisted. Birch seedlings too, are common, but less abundant 
than Calluna; and, finally, seedlings and nibbled cushions” of Ulex and 
Cytisus occur among the bracken. It is doubtful whether any considerable part 
of this area will be left to develop naturally, for replanting has already begun. 

In places where the late plantations had been more open, the existing 
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ground vegetation of Deschampsia flexuosa and Pteridium formed a closed 
competitive society in which the former for the most part, became dominant. 
Here, however, birchwood has grown up, chiefly from the stools, but also from 
self-sown seeds. The stool shoots, about 3 ft. high in 1915, had reached 10 ft. 
by 1921, and cast sufficient shade to prevent D. flexuosa from flowering. 
Unfortunately, in the dry summer of 1921, it was destroyed by fire, and in 
1923 the ground was still bare. 

As already described, birchwood has arisen at the north end of Annesley 
Forest, and becoming dominant, has displaced the grass-heath plants and 
ruderals which invaded the soil exposed by the felling of the plantations. In 
the open, the thin cakes of dry peat and the carpets of Polytrichum are readily 
colonised by Galium saxatile, Rumex aceiosella, Agrostis vulgaris, and by 
Epilobium angustifolium, with Pteridium is abundant over the southern 

part of the area, though there is much bare soil. A path across the forest 
was found to contain 36 species of Phanerogams, approximately one-half 
being ruderals and weeds. 

E. angustifoUum is much less abundant in the clearings in the Bilhaugh 
district, which in 1921 were replanted with larch. The principal colonist here 
is Agrostis vulgaris but the ground vegetation as a whole is very scanty, and 
there is a great deal of unoccupied soil, except along the margins where the 
oak-birch-heath ground flora existed and has probably extended, consequent 
upon the disappearance of the dry leaf debris and the increase in illumination. 

In the five years that have elapsed since the felling of these plantations, 
Deschampsia flexuosa seems to have made relatively little progress: but with- 
out knowing the extent to which it was present in the woods before the felling, 
it is very difficult to say in which of its present habitats it is a new arrival. 
Isolated plants occasionally occur, but the marginal D. flexuosa society still 
has a fairly definite boundary on the inner side, whether it be adjacent to 
Pleridium. and Holcus mollis or to unoccupied soil. 

(3) A large area of the oak-birch-heath of Birklands really consists of 
well-established grass heath, a closed Descdiampsiefum flexuosae, with associated 
species. 

(4) Grass-heath communities are abundant on the waysides, commons and 
warrens. It is probable and in some cases there is evidence to show that they 
have once borne dry oakwood. For the most part, however, the association 
has been established on these habitats, as at Birklands, for a long period, and 
is of a different type from that already described. The dominant species is 
D. flexuosa which forms a closed and almost pure society, the tussocks being 
as much as 9 in. high, making the habitat very difficult for less xerophytic and 
more delicate plants such as Galium saxMile, PotentUla spp., Rumex acetosella, 
Agrostis canina, and A. vulgaris. On the other hand, a carpet plant such as 
Viola camina and rosette plants such as species of Carduus and Cirsium. 
Senecio jacobaea, and other Compositae flourish abundantly. 
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Floristic Composition of the Grass-Heath Flora, 

Analysis of the flora shows the association to be complex and variable 
in character according to the manner in which it has been formed and the 
relative age of the association. The accompanying table gives details of its 
several component communities. As an open community colonising bare 
soils, ruderals such as Epilobium angustifolium and Rumex acetosella pre- 
dominate, and the latter species can persist through all the subsequent changes, 
though its frequency is gradually reduced. Agrostis vulgaris spreads more 
rapidly than any other grass, except perhaps Holcus mollis^ which extends 
from its woodland, hedgerow, and scrub situations: these species dominate 
‘‘ pure” grass heath which is relatively young. This community is character- 
ised also by the presence of gregarious carpet plants, Galium, saxatile, Luzula 
campestris, Hieraeium pilosella, Potentilla erecla, and P. reptans, which form 
abundant societies, often of considerable size. On the other hand, Deschampsia 
fiexuosa is dominant where grass heath replaces the scrub or woodland ground 
flora, or where dry oakwood changes to oak-birch-heath of the type found in 
Sherwood. The closed Deschampsietum, unlike the open community referred 
to above, prevents the germination or vegetative reproduction of its com- 
petitors, and so leads to their extermination, the conspicuous exceptions being 
Ulex europaeus, Calluna vulgaris, Nardiis and Betula. 

Table showing the Successions to Grass-Heath and Heath Associations, 

Increasing age. 


Open, much bare soil Less open 

(a) On arable land (uncultivated): 

W eeds Ru derals : 

Ruderals: i?. acetoselki 

R. acetosella Heath grasses : 

Agrostis vulgaris 
Holcus spp. 

8ocietieB of : 

(xalium saxatile 
Luzula campestris 
Hieraeium pilosella 
Potentilla spp. 

Polytrichum spp. 

(b) In plantations with little or no ground flora (after felling): 

Pteridetum 


Deschampsietu m 
Agrostetum 


Callunetum ? Callunetum 

Birchwood 
? Ulicctum 


I flora : 


Holcus mollis 
Ruderals : 

E. angustifolium 
R. acetosella 
Grass heath spp. : 
1). fiexuosa 
Agrostis vulgaris 
Galium saxatile 
Polytrichum, etc. 
Calluna vulgaris 
Behtla pubescens 
Ulex europaeus 


Closed 

JJcschampsietunh flexuosae 
(often pure consociations). 
Sub-dominant carpet and 
rosette species : 

Eenecio jacobaea 
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Table showing the Successions to Grass-Heath and Heath Associations {contd.). 


(c) Scrub with Woodland ground flora: 


Pteridium 
Holcus mollis 
Lonicera periolymenum 
Teucrium acorodonia 
Grass heath : 
Deschampsia flexuosa 

Ulex europams 
id) Dry oakwood (no scrub): 
Pteridium 
Holcus mollis 
D. flcxuosa 


Holcus societies 


Deschampsietum jlexuosae 
Rosette and carpet plants 
often abundant 
Ulicetum 


Deschampsietum 
(“ Oak- birch -heath ” ) 


Callunetum 


List of Species of the Grass-Heath Flora, 

Normal 
consociation 
( Dpschampsieiuin. 

;fl exuoscte) W aysi des 

Achillea millefolium o. f. 

Rotation 
grass land 

Agropyrum caninum 

l.f. 

— 

— 

Agrostis canina 

I. a. 

— 

— 

,, vulgaris 

Aira caryophyllea 

f.— a. 

a. 

a. — d. 

o. 

— 

f. 

„ praecox 

o. 

— 

f. 

Anagallis arvcnsis 

— 

— 

l.f. 

Anthoxanthum odoratum 

— 

f. 

— 

Arenaria serpyllifolia 

f. 

l.a. 

f. 

Arrlienatherum avenaceum 

f. 

{.— l.a. 

o. 

Beilis perennis 

l.a. 

l.a. 

o. 

J^roraus arvensis var. mollis 

— , 

o. 

— 

,, sterilis 

Campanula rotundifolia 

o. 

0. 

f. 


(yapsella bursa-pastoris 

r. 

f. (on bare soils) 

0. 

Carduus nutans 

(). f. 

f. 

o. 

Carex sp. (? pilulifera) 

0 . (generally nibbled) 

. — 


Centaurea nigra (agg.) 


f. 

— 

,, scabiosa 

— 

o. — f. 

— 

Cerastiuin vulgatum (agg.) 

o. 

f. 

O. 

Cirsium arvensc 

o. 

f. 

o. 

,, lanceolatum 
Convolvulus arvensis 

o. 

f. 

O. 

— 

— 

o. 

Crepis virens 

r. 

l.f. (ruderal) 

— 

(^ynosurus cristatus 

— 

o. 


Dactylis glomerata 

o. 

f. — a. 

f. — a. 

Deschampsia flexuosa 

d. 

f.~d. 

o. — a. 

Epilobium angustifolium 

— 

l.a. (open habitats) 

r. 

Equisetum arvense 

— 

r. 

r. 

Erodium cicutarium 

o. 

l.f. 

o. 

Euphrasia officinalis 

o. 

— 



Eestuca ovina 

l.a. 

— 



Filago gerrnanica 

— 

__ 

l.f. 

Galium cruciata 

— 

l.f. 



,, saxatile 

o. — La. 

— 

f.a. 

,, verum 

— 

l.a. 



,, moUugo 

— 

a. 

— 

Geranium molle 

o.- -f. 

f. 

f. — a. 

Hieracium boreale 

— 

o. 


„ pilosella 

Holcus lanatus 

l.a. 

l.a. 

f. 

o. 

o. 

o.— f. 

M mollis 

o. — l.a. 

f. — a. 

f.— a. 

Hordeum muriuum 



o. 


Hypericum humifusum 

0. 

— 

— 
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List of Species of the Grass-Heath Flora (con^rf.). 

Normal 

consociation 

{Deschampaietum Jlotation 

flexuoaae) Waysides grass land 

Hypochaeris radicata 

f. 

a. 

f. — a. 

Lamium album 

— 

r. 

— 

Lathyrus pratensis 

— 

f. 

— 

Leontodon autumnale 

f. — a. 

a. 

f. 

,, hispidus 

Loliuin italioum 

0. 

— 

o. 

— 

r. 

— 

„ perenno 

— 

f. 

a. 

Lotus oomiculatuH 

f. — a. 

a. 

f. 

Luzula campestris 

I. a. 

If.— a. 

la. 

Medicago lupulina 

f. 

a. 

f. — a. 

Myosotis arvensis 

o. 

• — 

— 

Nardus stricta 

l.a. 

la. 

r. 

Ornithopus perpusillus 

la. 

o. 

f.— a. 

Plantago major 

f. 

a. 

f. 

,, media 

f. 

— 

— 

,, lanoeolata 

t 

a. 

f.. 

Polygala vulgaris (agg.) 

o. 

— 

— 

Polygonum aviculare 

o. 

o. 

f. 

„ persicaria 

Potentilla anserina 

— 

— 

o. 

— 

f. 



,, erecta 

a. 

a. 



,, reptans 

Prunella vulgaris 

a. 

a. 



0.— If. 

f.— a. 

o. 

Pteridium aquilinum 

l*d. 

a. 

0 . (spre ads from tin? 
n^ijvlgcrows) 

Ranunculus spp. 

o. 

f. — a. 

— 

,, repens ' 

Rumex acetosa 

— 

a. 

, a. 

— 

0. 



„ acetosella 

f. — a. 

f. 

a. — d. 

,, obtusifolius 

Sagina nodosa 

0. 

f. 


o. 

0. 



,, procumbenwS 

o. 

If. 

0. 

Scabiosa arvensis 

— 

f. 



Scleranthus annuus 

— 



; la. 

Senecio jacobaea 

f.— l.a. 

f. 

« o. 

„ sylvestris 

0. 

0. 

J la. 

Sherardia arvensis 

0. 

— 

Spergula arvensis 

r. 

0. 

, la. • 

Spergularia rubra 

0,— f. 

o. 

l.f. 

Stellaria graminea 

f. 

f. 



„ media 

— 

0. 

. ' 

Taraxacum officinale 

o. 

f. — a. 


Teucrium scorodonia 

If. 

— 


Thymus serpyllum 

If. 

— 

— 

Trifolium arvense 

If. 

— 

— . 

,, hybridum 

— 

o. 

0.- -f. 

,, minus 

f. 

f. — a. 

f. 

„ pratense 

f. 

f. — a. 

f.— a 

,, procumbens 

r. 

— 

— 

,, repens 

f. 

a. 

f . ~~i fc. 

Tussilago farfara 

— 

o. 

— 

Verbascum thapsus 

r. 

— 

— 

Veronica arvensis 

— 

— 

f. 

,, chamaedrys 

Lo. 

— 


„ officinalis 

0. 

— 



Vicia hirsuta 

— 

f. 

’’ 

„ lathy roides 

0. 

0. 



Viola canina 

la. 

f 

— ' 
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Shrubs and Vndershruhs not belonging to Typical Grass Heath, 


Ulex europaeus 

Normal 
consociation 
( Defichampai eium 
flexuoaae) 

l.d. 

Waysides 

l.d. 

Calluna vulgaris 

l.a. 

l.a. 

Erica cinerea 

l.f. 

o. 

Vaccinium myrtillus 

— 

l.a. 

(4) The Heath Formation. 



Edaphic Conditions. 

The Bunter heaths show edaphic characters peculiar to the heath formation, 
namely, the formation of a thin surface peat and of a layer of moor pan. The 
former varies from thin flakes of undecayed bracken humus to a consolidated 
layer of black peat a few inches in thickness. According to Russell, “A pan 
is a layer of hard impermeable rock that gradually forms at the usual water 
level below the surface of the soil. . . . The conditions determining the formation 
of pan seem to be a supply of organic matter, permeability of soil, low content 
of soluble mineral matter, and absence of calcium carbonate. These conditions 
occur most frequently on light sandy soils where for some reason the water 
is held sufficiently near the surface” ( 14 ). All these factors apply in the case 
of the Bunter Sandstone, but in a large portion of the outcrop the water table 
lies at a considerable depth below the surface. 

The soil from the south end of Rufl'ord Forest was examined and samples 
obtained for analysis. There is a very dark brown peat layer about 2i in. in 
thickness, with a flaky surface, green with lichens and mosses: it dries as a 
hard firm mass, continuous with the soil below. In the burnt areas, the peat 
has for the most part been destroyed, and the soil surface shows abundant 
white bleached sand, v^t the base of the peat, there is a sharp change to the 
light brown coarsely-grained soil, which is usually from 5 to 8 in. in depth, 
but may be as little as 1 in. or less, and in places is absent altogether, for the 
pan layer is actually in contact with the surface peat. The pan is dark brown 
in colour, but not so dark as the peat, neither is it so firm, for it crumbles 
easily and is not much more compact than the soil. It forms a layer 2 to 9 in. 
in thickness with indefinite boundaries above and below. It can scarcely be 
considered a hard impermeable layer, being penetrated by the roots of Calluna 
and the rhizomes of Pteridium, the latter in some exposures being seen in the 
underlying subsoil, which is a deep yellowish brown, the typical colour of the 
sandstone. All the above soil strata give an acid reaction with potassium 
thiocyanate, the pan layer producing the deepest colour. 

The following table shows the humus and water content (of air-dried 
samples) of the preceding types of soil, but it should be stated that the 
number of samples analysed was small, and the figures must not be taken as 

Joum. of Ecology XV 11 
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showing the range of values or the averages for the heath as a whole. The 
comparative colour of the mineral residues is also given as affording some 
slight indication of the relative amounts of iron present, and the extent to 
which leaching has occurred: it will be noticed that the former reaches its 
maximum in the pan, and the latter in the soil. 


Table VI. 

Humus and water content of heath soils. 

(Rufford Forest.) 

Surface peat 
(0 samples) 

Water content of 
air-dried sample 
012 % 

Range: 4-26 to 8-58 

Humus (loss on 
ignition) 

32*61 % 

Range: 20*19 to 45*82 

Residue, notes on 
character and colour 
Fine grained, pale yel- 
low (.3) 

Soil at surface of 
burnt areas 

1-04 % 

6-67% 

Very coarse, bleached, 
light buff (4) 

Soil at in. (be- 
low peat) 

0*65 % 

2*75 % 

Very coarse, bleached, 
light buff (4) 

Soil at 7 to 8 in. 

0‘47 % 

1-88 % 

Moderately fine grained, 
light buff (5) 

Pan 

2-59 04 

6-37 % 

Slightly coarser than the 
layer above, deep yel- 
low ( 1 ) 

Subsoil 

1*45 % 

3*87 % 

Coarse, deep yellow ( 2 ) 


The numbers in brackets indicate the comparative colour of the mineral residue after i^^jnition, 
No. 1 beino: the deepest. It is necessary to repeat, however, that these values are based upon 
preliminary tests only, a detailed investigation being still in progress. 


The extent of the area in which the pan layer is developed is not yet 
known. It may be seen everywhere on Rufford Forest, and also occurs on the 
Sheepwalk Plantation as a black band 1 to 2 in. wide, and 12 to 15 in. below 
the surface. An exposure near Ollerton at the south end of Birklands showed 
similar indications at 12 to 18 in., but the oakwood in the vicinity of the 
Major Oak gave no signs of a pan layer, although the soil was examined to a 
depth o! a yard. Other likely situations were investigated. On a small heath 
at Lyndhurst, for example, there are from 1 to 2 in. of loose dry humus followed 
by 7 in. of black soil and then by the sandy and pebbly subsoil, whilst the 
sandgrains show that the soil is leached to all depths examined. It will be 
noticed that the heath here does not bear the typical “Trockentorf ” of the 
Callunetum. Owing to the variation in depth at which the pan may occur, 
one must not hastily conclude that it is absent from habitats in which it is 
not typically developed near the surface. 

Clipstone and Rufford Forests were used as a training ground for troops 
during the war, and are intersected with trenches, considerable quantities of 
subsoil having consequently been brought up to the surface. 

The Oak-Birch-Heath Community, 

The authors of “ The Woodlands of England ’’ ( 13 ) include amongst the wide 
areas covered with this type of community, the Bunter Sandstone of Notts, 
(e.g. parts of Sherwood Forest). The region referred to lies between the Rivers 
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Maun and Meden, and is occupied by dry oakwood (or oak-birch wood), grass 
heath (Deschampsietum), and true heath (Callunetum). As an oakwood 
association with a Callunetum ground flora, the typical oak-birch-heath does 
\iot exist, save as a mere fringe along the margins and rides, and the heath 
species never form a dominant or even abundant portion of the ground vegeta- 
tion. As has been already described, the break-up of the oak-birch canopy lets 
in Deschampsia flexuosa, which becomes the dominant member of the ground 
flora, and such areas are still to be considered as belonging to dry oakwood. 
Again, over the greater part of the “oak- birch-heath” area, the tree layer 
can hardly be said to be dominant, for the oaks, birches, and occasionally 
pines, occurring singly or in small groups, are separated by considerable in- 
tervals of grass heath, in which Pteridium and Deschampsia Jiexuosa are 
locally dominant, according, as previously described, to the distance between 
the trees, or to the length of time that has elapsed since the trees disappeared. 
The community is better described as a well developed, and for the most part, 
long established grass heath, with scattered trees, than as a woodland associa- 
tion with a heathy ground flora. A considerable area has been planted with 
pine and larch, but oaks of great age and birches still remain, remnants of the 
older woodlands. 

The Relation of Grass Heath to the Heath Association, 

Calluna seedlings and young plants occur frequently in the Deschampsie- 
tum, but the species only becomes abundant alongside the rides of the dry 
oakwood and by the waysides, i.e. in situations which have been more or less 
“ open ” for a far longer period. In all probability, the grass heath of Birklands 
dates back to the period 1609 to 1790, when four-fifths of the trees were 
felled, whilst some of the rides and roads are as old as the Royal Forest of 
Sherwood itself. Calluna is abundant amongst the grass-heath plants by the 
Ollerton- Worksop road, but is dominant alongside numerous rides. The plants 
here are old, but very short and much eaten by rabbits. In places where the 
plantations reach the road the wire has protected the Calluna, which is of the 
usual heathy shrubby type, a contrast to the squat spreading herbaceous 
cushions outside. 

A field situated to the east of the Sheep walk Plantation has lain un- 
cultivated for many years, and three types of plant community are competing 
for possession. Pteridium, representing the woodland flora, persists near the 
hedgerows and on a small hill from which the trees were cleared at least 
50 years ago and which is too steep for cultivation. Rainwash has kept the 
soil bare, except near the base where Rumex acetosella is abundant. The greater 
part of the field is occupied by grass heath, consisting of a closed Deschampsie- 
turn flexuosae adjoining the plantation, and the “ intermediate ” type elsewhere, 
whilst at the opposite end are numerous large well-grown clumps of Calluna, 
also of long standing. Seedlings and young plants of the latter are abundant 
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on the bare soil all over the hill, even under the closed Pteridetum, but have 
not advanced very far into the grass heath, though a moderate amount of soil 
surface is exposed among the societies of Holcus mollis, Agrostis vulgaris, 
Luzula campestris, etc., and although Calluna is abundant on the ride 
between the field and the plantation, it has not become established in the 
Deschampsietum. 

The evidence points to the fact that for over a century Deschampsia fiexuosa 
has remained dominant in parts of Sherwood, and that the invasion of closed 
grass heath by Callunetum is a very slow process. 

On the other hand, the colonisation of open soils by Calluna is frequently 
rapid, a matter of a few years only. Thus, in the case of Sheepwalk Plantation 
and Barber’s Wood, the great increase of light consequent upon the felling 
of the trees has let Calluna in amongst the open Pteridetum, and now, after 
five or six years, young plants are abundant. The species is also locally 
dominant on the cuttings of the new Mansfield Railway. 

Erica cinerea, Vacdnium myrtillus, and Nardus stricta are also members 
of this wayside and marginal heath community, and have been observed in 
numerous localities. Nardus frequently shows as flourishing societies amongst 
Deschampsietum, and is replacing grass heath in many places, for instance, 
on a hillside forming part of the Sutton golf links, where there is considerable 
seepage, though no extensive areas of Nardetum have as yet been found. 
Nardus has a greater rooting depth than D.fexuosa and the bases of its shoots 
are closely crowded on the rhizome, the numerous branches of which creep 
obliquely -upwards, so that it has a greater covering capacity and a better 
hold on the soil. 

The Heath Association. 

The most extensive tracts of Callunetxim in Nottinghamshire occur on the 
RufTord and Clipstone Forests, situated to the north-east of Mansfield, and 
they probably once covered all the area between the River Maun and Rain- 
worth Water. It is quite certain that these “wastes” have been a character- 
istic feature of Sherwood Forest since early English times, and the absence of 
villages, together with the fact that a Roman road ran along the eastern 
boundary, is significant. The region has a small rainfall, 26-27 in. (c. 670 mm.), 
and the altitude varies between 476 ft. (c. 146 m.) at Ratcher Hill and about 
250 ft. (c. 77 m.) along the river valleys. The water table lies nearer the surface 
than in the upland area further south. The replacement of woodland humus 
by surface peat, the pronounced leaching of the soil and the formation of pan 
are its edaphic characters, whilst its biotic features include the abundance 
of Pleridium and the occurrence of isolated trees such as Betula sp., Crataegus 
sp., Pyrus malus, and Prunus spinosa. Although, as we have seen, the invasion 
of dry oak wood by a heathy ground flora goes on very slowly, yet the presence 
of small areas of Callunetum in Birklands shows that here, at any rate, 
retrogression to heath is complete. The Sherwood heaths are of great age, but 
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the probability is that, as in the case of the New Forest heaths, they have been 
formed by the degeneration of dry oakwood, and are therefore not primitive. 

The heath flora is very scanty, and would be still poorer were it not for 
the frequent fires which interfere with the dominance of Calluna and initiate 
a series of subseres, similar on the whole to those already described in the case 
of grass heath. The societies characteristic of the heath association are not 
strictly confined to this plant community, and a large percentage of the species 
usually listed as occurring on heaths belong to the grass-heath association. 
(One-half of the species listed in Types of British Vegetation, p. 115, are re- 
corded also on pp. 95-96 for grass heath.) The Nottinghamshire heaths as a 
whole correspond with the Calluna- Pteridium heaths of the sandy slopes of the 
north east moorlands of Yorkshire, described by Elgee (This Journal, 2, 1914), 
but show a transition to wet heath in a few places. 

The Heath Association comprises: 

1. Areas more or less recently burnt, colonised by 

(a) Ruderals, especially Epilobium angustifolium and Rurnex acetosella. 

(b) Deschampsietum flexuosae, with other grass-heath plants. 

(c) Pteridetum. 

2. Callunetum and Ericetum cinereae. 

3. Ulicetum europaeae. 

4. Small N ardus-Erica tetralix societies in moister situations. 

The Burnt Areas. The ling is sometimes burnt off in March by game- 
keepers, to keep the heath in good condition for pheasants, but the greatest 
destruction is caused during the dry summers. The peat layer is burnt as well 
as the vegetation, and the charred residue remains for several years, becoming 
gradually altered by the accumulation of bleached sand, and the spreading 
of fresh brown subsoil from the rabbit burrows. The year after the fire, 
Pieridiuni is practically the only vegetation, and owes its preservation to the 
depth of the rhizome in the soil. A few seedlings are present, including 
Calluna, Runiex acetosella, Epilobiuni angustifolium, etc., which later become 
abundant, though after five years there is much bare soil. Lotus corniculatus 
and Ornithopus perpusillus are also frequent at this stage. The ruderal societies 
give place to Pteridium, if this species was present before the fire; if not, they 
are succeeded by grass heath or by Callunetum, according to the rate at which 
Deschampsia flexuosa, Agrostis vulgaris and Calluna can colonise the soil. 

The Deschampsietum presents no unusual features but occupies large areas 
of this part of the forest, with a few scattered pines, hawthorns, and birches. 

Pteridetum. Where Pteridium is abundant, the heath presents a brownish 
green appearance with splashes of purple. The fronds are usually scattered 
and less than a foot in height, and so open that the bracken can hardly be 
said to have any considerable degree of dominance. Calluna and Erica cinerea 
are abundant throughout. Pteridium may be regarded as the last representative 
of the dry oakwood, persisting on the heath by virtue of i:s adaptation to 
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xerophytic conditions, and of its ability to escape destruction by the fires 
which temporarily eradicate Calluna and other heath plants. 

Holcus mollis lias practically disappeared except from areas where the 
bracken is high and close, as on the small heath at Lyndhurst. Here, as in 
north-east Yorkshire, the result of the competition between Pteridium and 
Calluna is largely determined by biotic factors, since the burning of the heath 
at regular intervals increases the frequency of bracken so that a period of 
temporary dominance ensues, and prevents the formation of a permanently 
closed Callunetum. 

Callunetum. 

The dominant dwarf shrub, Calluna vulgaris, is usually accompanied by 
Enca cinerea, though the latter is absent when the ling forms a closed associa- 
tion. In some parts of the heath the positions are reversed, and the apparently 
dominant Calluna is found on closer investigation to be sub-dominant in an 
almost continuous consociation of Enca cinerea. The latter, though short, 
forms wide spreading plants, and in addition, seedlings and young plants are 
exceedingly abundant, on the fresh sandy soil of the trenches as well as on the 
peat. Polgtrichum commune, P. jnUferum, P. guniperinnm, Webera nutans, 
Ceratodon purpureAis, Dicranum scoparium, Funaria hygrometrica, Cladonia 
furcata, C. pyxidiata, C. floerJceana, and (7. caespititia flourish on the peat 
between the shrubs, but flowering plants, other than the dominant heaths, 
are rare. It is interesting to note the occurrence of Plantago coronopus on the 
ridges of the rides across the forest. 

Nardus is a frequent member of the path and wayside flora. Vaccinium 
m.yrtillus flourishes by the waysides but, singularly enough, appears to be 
absent from the heath. Triodia decumhens is found occasionally, and mats of 
a species of Carex (? C. leporina) much attacked by rabbits. 

Some small plantations of oak, beech, birch, and conifers cap the hills 
of the ridge that crosses Rufford Forest. Strawberry Hill bears oakwood, 
mainly Quercus sessilijlora. As might be expected in such an exposed position, 
the trees are slender and rather scraggy in appearance, with an average height 
of about 20 ft. (6 m.). The plantation is very open and attracted attention in 
that it is the nearest approach so far seen in Sherwood to the typical oak-birch- 
heath community, i.e. with Calluna, the dominant member of the ground flora. 
In this case it is obvious that the ground flora preceded the oaks, and main- 
taining its hold on the soil, together with Pteridium, now forms an anchorage 
for heaps of leaf debris, among which were discovered a few birch and oak 
seedlings {Q, sessilijlora^ , Funaria is abundant, and it should also be stated 
that the pan layer occurs here at a depth of 12 in. 

It is clear from the progress of knowledge since Types of British Vegetation was published 
that oak-birch-heath is really a transitional successional stage between heath and oakwood, 
which, owing to various factors delaying or preventing the development of forest, remains in 
existence for long periods and thus comes to occupy large areas of sandy country.— Editor, 
Journal of Ecology. 
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Ratcher Hill is mainly a planted birchwood, with some Q. sessiliflora and 
Pinus sylvestris. The birch is spreading on to the adjoining heath, but though 
seedlings of Pinus were looked for, none were found. Within the wood, 
Pteridium and Deschampsia flexuosa are abundant, with extensive carpets of 
mosses, principally Dicranum scoparium and Funaria hygrometrica, Plagio- 
thecium denticulatum, P. elegans, Webera nutans, and Dicranella heteromalla, 
accompanied by the Hepatics, Lepidozia replans and Lophocolea bidentata, 
Calluna has presumably disappeared, for this birchwood has a closer canopy 
than the oak plantation described above. 

Ulex nanus and U. gallii have both been recorded as occurring on these 
heaths (4, 5). The former is still present on the Lyndhurst heath and various 
parts of RufEord Forest, growing amongst Erica cinerea, Deschampsia flexuosa, 
and also Calluna, the plants being generally of the prostrate type, and 
occasionally forming rabbit-nibbled clumps a foot in height. The species is a 
very inconspicuous element of the flora and a rapid survey may give a mislead- 
ing impression of its absence from the heath. 

Genista anglica occurs on the Lyndhurst heath, seedlings on the open soil 
with Rumex acetosella and Calluna, prostrate plants amongst Deschampsia 
flexuosa, and taller erect shrubs in flower growing up through dense Calluna, 
as in the case of Ulex europaeus, described later. 

Ulicetum europaeae. Ulex europaeus, abundant by the waysides, does not 
form such a striking portion of the heath flora as one would expect after 
reading Evershed’s description. It is absent from large areas of Rufford Forest. 
Its restricted distribution seems to be due to the extensive fires that ravage 
the heath and to its relatively slow rate of seed dispersal. Gamekeepers aid 
in its destruction, for the gorse gives better shelter to rabbits than to pheasants, 
and as the societies grow large they are either burnt off or entirely uprooted. 

From its wayside habitats the gorse is extending across the heath at 
Lyndhurst, and on Ruff or d Forest, where in the neighbourhood of Elmsley 
Lodge, several interesting societies were investigated. The Ulicetum here has 
evidently succeeded Deschampsietum, and is adjacent to Callunetum with 
Erica cinerea sub-dominant, on the one hand, and to Pteridetiim alongside. 
Ulex is spreading abundantly in the former area, but not in the latter, except 
where Pteridium is scattered and has given way to a continuous turf of D. 
flexuosa. Furthermore, the new plants appear to arise in lines radiating, like 
the rabbit runs, from the central clump. There may be a real relation between 
the two, for there seems no reason why rabbit tracks as well as footpatl;is, 
should not be utilised by ants which, according to Weiss, are chiefly responsible 
for the dispersal of the seeds. At Lyndhurst, owing to the attacks of rabbits, 
the gorse has the usual cushion form where it grows in the open or amongst 
D. flexuosa, but plants of the “erect” type arise from the centre of many well- 
grown shrubs of Calluna, where it is protected. They ultimately displace the 
ling and give rise to small closed societies with no ground vegetation whatever 
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in the centre, whilst on their margin dead and non-flowering cushions of 
Calluna are to be found. 

Wet Heath. 

The high degree of porosity of the Bunter Sandstone, the relatively great 
depth of the water table, and the prevalence of dry valleys provide the reason 
for the sparse development of wet heath in this region. 

The Lyndhurst heath lies at the head of Foulevil Brook, a small tributary 
of Rain worth Water. It is intersected and bounded on the south by a hollow 
which, before the sinking of the mines in the Mansfield district, was usually 
full of water. Investigated in August, 1922, after a week of heavy rain 
(4-6 in.), it was even then dry throughout, except at the end, where there was 
a “drowned’’ flora including Ejpilohium, angusitf dium. The black soil is more 
than 18 in. deep, and leaching is well marked. At the higher end of the hollow, 
it is covered with 3 in. of humus on which the grasses Holcus mollis and 
Agrostis vulgaris are co-dominant, forming a resilient turf with societies of 
Galium saxatile, Veronica chamaedrys, Senecio jacobaea, and Car ex leporina\ 
and lower down, J uncus conglomeratus, J. effusus, Carex spp., UrLica dioica, 
Rumex spp. and Cirsium palustre occur, generally bordered by a zone of 
Ranunculus repens and Polygonum amphibium, with Hydrocotyle vidgaris and 
Salix aurita, whilst amongst the surrounding Holcus are Euphrasia officinalis, 
Pedicularis jjalustris, and Salix repens. At a somewhat higher level, fringing 
the Callunetum, is a line of Nardus and D. jlexuosa, accompanied by small 
societies of Erica tetralix. 

The hollow shows up as a bright green track across the purple heath, but 
the definite boundary formed by the old shrubs of ling is now being, broken 
up, for with the drying up of the valley, Calluna is spreading downwards, 
preceded by grass heath. 

Coxmoor is situated east of Kirkby, at the crest of the Bunter escarpment, 
600 f fc. (c. 180 m.) above sea-level, with an average rainfall of 30 in. (c. 850 mm.). 
The wood attracts attention on account of the water standing in the ditches 
(a rare occurrence on the Bunter); so that the ground water lies near the 
surface. The soil is stifi’er than usual and distinctly sticky in wet weather. 
One-half of the plantation was felled ten years ago and the open area shows an 
interesting mixed ground flora of the damp oakwood type, ruderals, gregarious 
grass-heath species, and scrub. In addition, there are numerous large tussocks 
of Molinia caerulea, J uncus squarrosus societies, and alongside the ditches, 
J uncus effusus, J. conglomeratus, Dryopteris thelypteris, Lotus major {— L. 
uliginosus), Deschampsia caespitosa. Ranunculus repens, and Salix caprea, 
Vaccimum m>yrtillus fruits abundantly and Nardus is frequent on the rides. 

The Coxmoor plantation is an old one, and the nature of the vegetation 
existing before afforestation is unknown. If not replanted, its future ecological 
history will be interesting. 
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Floristic Composition of the Heath Association. 


Callitnetum: 

Calluna vulgaris d. 

Deschampsia flexuosa La. 

Epilobiura angustifolium La. 

Erica cinerea s-d. 

Galium saxatile o. — f. 

Genista anglica r. 

Nardus stricta La. 

Plantago coronopus f. 

Polj'^gala serpyllacea o. 

Pteridium aquiiinum La. 

Scabiosa arvenais o. 

Thymus serpyJlum l.f. 

Triodia decumbons o. 

Ulex europaeua La. 

„ nanus l.f. 

,, gallii r. 

Vaccinium myrtUlus La. 


and many spp. which are more characteristic 
of grass heath. 


Wet heath : 


Carex leporina 

La. 

„ spp. 

a. 

Cirsium palustre 

La. 

Deschampsia caespitosa 

1. 

Dryopteris thelypteris 

r. 

Eleocharis multicaul is 

r. 

Erica tetralix 

0. 

Euphrasia officinalis 

o. 

Hydrocotyle vulgaris 

0. 

Juncus congloraeratus 

a. 

„ effusus 

a. 

„ squarrosus 

La. 

Lotus major 

l.f. 

Molinia caeiTilea 

l.f. 

Nardus stricta 

a. 

Pedicularis palustris 

o. 

Polygonum amphibium 

l.a. 

Ranunculus flammula 

r. 

,, repens 

a. 

Rumex crispus 

f. — a 

„ obtusifolius 

f.— a. 

8alix aurita 

0. 

,, caprea 

0. 

„ repens 

l.f. 

Stellaria graminea 

f. 


SUMMARY. 

1. The climatic and edaphic conditions of the Bunter Sandstone are, 
briefly, a low rainfall, a deep coarse dry sterile soil, low lime content, a low 
content of soluble minerals, and a tendency to the formation of acid humus 
and of thin peat, accompanied by the leaching of the soil, which lead to the 
development of pan, involving a subsequent change in the vegetation. 

2. A. The Dry Oakwood Consociation includes the natural and semi- 
natural oakwoods of Sherwood Forest in which Quercus rohiir and Q. sessiliflora, 
singly or together, are locally dominant. The woods conform to type, but the 
shrub layer is so poor in individuals as well as in species that it is almost 
non-existent, and, as a light absorbing layer, the stratum of Pteridium comes 
next to the tree canopy. The majority of the herbaceous species belong to the 
grass-heath association, and are abundant in open and marginal situations 
only. The real ground flora of the dry oakwood is scanty almost to the point 
of extinction, and it is shown that the absence of small geophytes and carpet 
plants is largely due to the slow rate of decay leading to the accumulation of 
loose dry humus, a factor also affecting the invasion of the oakwood by the 
heathy ground flora. 

B. The Scrub Association occurs principally by the waysides and on tlie 
commons and warrens, where it frequently develops into a progressive 
Ulicetum. 

C. The Grass-Heath Association arises in various ways, chiefly by the 
degeneration of oakwood, and by the colonisation of the waysides and of land 
which is allowed to pass out of cultivation. Its most characteristic consociation 
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is a closed Deschampsietum flexuosae, which has a considerable degree of 
stability, but ultimately passes into heath. 

3. The Heath Formation. The typical oak-birch-heath of the south of 
England appears to be absent from Sherwood, the succession here being rather 
the replacement of the oakwood ground flora by Deschampsietum and not 
directly by Calluna and other true heath species. 

A. The Heath Association, Mainly represented by Callunetum, this 
occupies the extensive “wastes” of Ruilord and Clipstone Forests, and is also 
abundant on wayside habitats. Whilst the heaths are of great age, they are 
not considered to be primitive, but as an edaphic succession following the 
degeneration of oakwood. There is no evidence of Finns sylvestris spreading 
spontaneously in this area. 

B. The Wet Heath Association is developed in damp hollows where the 
ground water lies near the surface, and is very restricted in extent. 

The vegetation of the alluvial flats and river valleys has yet to be investi- 
gated. 

The writer has great pleasure in expressing his obligation to the land- 
owners and estate agents who kindly granted free access to their woods, to 
Dr H. S. Holden for much invaluable advice, to Prof. J. W. Carr, of 
Nottingham, and Prof. McLean Thompson, of Liverpool, for the use of 
the university libraries, and to the Director of the Royal Botanic Gardens 
(Kew) and the late Mr J. A. Wheldon for help in the identification of species. 
He is also indebted to the British Association (Sherwood Forest Survey 
Committee) for a grant towards the expenses incurred during the investigation. 
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NOTICES OF PUBLICATIONS 
ON OVERSEAS VEGETATION 

SOUTH AUSTRALIA 

Osborn, T. G. B, the Ecology of the Vegetation of Arid Australia. 

No. 1. Introduction and General Description of the Koonamore Reserve 
for the Study of the Salt Bush Flora.” Trans. Roy. Soc. S. Austr. 49 , 
p. 290. Plate XXIV. 1925. 

Of the total area of Australia about 87 per cent, receives 10 inches or less rain per annum 
and may be defined as “arid.” In the state of South Australia the proportion of the arid 
area is as much as five-sixths. Up to the present time knowledge of the vegetation of these 
arid regions is almostly wholly on general lines and detailed studies are few. The present 
paper is mainly a summary of the present knowledge of the communities of the arid regions, 
especially in iSouth Australia, and of their distribution and relationships. The eucalypts so 
characteristic of the coastal belt disappear in the interior except along river beds and on 
fiats liable to occasional Hooding. Dwarf eucalypts (mallee) form a characteristic vegetation 
in the semi-arid zone Avith 8-10 inches of rain. 

Two types of community cover most of the arid area; a “scrub” community with low 
growing trees, mostly species of Acacia^ which is mostly on rocky slopes, and second, a 
community of “salt- bush” or “blue bush” on the plains. This is composed of species of 
Alripldjx:^ Rhagodia, and of Kochia. These types merge into one another and there is often 
a broad junction belt of a mixed type. The salt bush vegetation is regarded as a distinct 
vegetation type characteristic of regions of 10 inches rainfall or less. As compared with other 
regions with a (iorresponding climate, these salt bush communities are remarkably luxuriant 
and rich, both in species and in indi viduals. This is due largely to the capacity of the dominant 
plants to absorb water through the leaf surface and so to make use of light showers which 
otherwise would be ineffective. 

At the present time much of the vegetation of the arid regions of Australia has been more 
or less profoundly altered by the biological factors of grazing and rabbits introduced by 
ttie white man. In the primitive undisturbed condition, the dominating plants are in a state 
of delicate equilibrium with the environment. When this balance is upset far reaching 
changes are brought about. The regeneration of the woody plants is wholly or largely pre- 
vented and the salt bushes are killed out and destroyed by continued grazing. One result 
is the production of bare areas which only support a flora of annuals and are liable to ex- 
(“essive erosion. Such areas are of practically no value for stock. 

With a view to the study of the problems of this retrogression in detail, a vegetation reserve 
has been established at Koonamore, This consists of li)()0 acres and at present has a very 
(logenerate vegetation. The trees and Avoody plants stand on ground that has little flora 
extsept annuals; the trees are not reproducing themselves. The results of observations and 
investigations fit this roserA^'e Avill be awaited with interest and should be of much value both 
from the ecological and economic standpoints. R. S. A. 
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Osborn, T. G. B. “Notes on the Vegetation of Flinders Island. The Flora 
and Fauna of Nuyt’s Archipelago and the Investigator Group. No. 18.” 
Trans. Roy. Soc. S. Austr. 49, p. 276. Plates XXI-XXIII. 1925. 

This is a further contribution to the study of the islands off the south coast of South 
Australia of which earlier portions have been already noticed in this Jouknal (12, p. 352, 
1924). 

Flinders Island is the largest of the Investigator Group and is distant 18 miles or more 
from the mainland. The area is about 9000 acres. Like other of the islands, it is built up of 
limestones overlying granite. The island has been utilised for farming operations and the 
human influence has considerably modified the vegetation. Burning and the introduction of 
sheep have been the chief factors. 

The vegetation falls into five types, woodland and scrub, cliffs, sand-dunes, salt swamps, 
and communities of ruderals and pastureland. 

1. Woodlands. These form a zone round the northern end of the island, and clumps in 
other parts. Melaleuca parvijlora is the dominant and forms a dense closed community with 
little or no undergrowth except in openings where shrubs and undershrubs are present. 
No eucalpyt occurred in the wood but EumlyptiiH gracilis, a mallee, was found in a few 
degenerate groups associatcfl with the remains of Melaleuca. 

2. Cliffs. Here arc included an assemblage of communities varying from pioneer colonists 
to practically stable types. On the more stable habitats bushes and even trees occur, 
Melalema, Casuarina strictn, Pillosporum philli/raeoules. Those tree communities are closel\’ 
allied to the woodlands. The cliff communities show variations in relation to exposure, 
stability of soil, and the characters of the rocks and soils. 

3. Dunes. The dune succession is essentially that which occurs on the mainland of South 
Australia. Occasional trees of Melaleuca parviflora occnir on the more fixed dunes and indi- 
cate the approach to the woodland climax. 

4. Salt swamps. Two rather extensive areas of gypsum salt swamps occur on level plains. 
The dominating plant is Arthrocnemuni halocnemoides var. pergranulatum. Near the margins 
other halophytes are present. The highest community here is a thicket of Melaleucu kahria- 
Uirorum which is associated with several salt tolerant plants. 

5. Ruderals and pasture communities. These include a varied assemblage, largely com- 
posed of plants alien to the island or often to Australia. Annual grasses are frequent. Seed- 
lings and young plants of indigenous shrubs also occur, especially Myoporum inmlare. 
This plant forms a dense scrub at the southern end of the island which is regarded as a 
secondary community following disturbance. 

Excluding the salt swamps, the vegetation here has a clear climax in the Melaleuca 
parvijlora woodland. Casuarina stricta, which forms a definite unit on Pearson Island, is here 
confined to the few granite outcrops. This is regarded as a vestigial outlier of the mainland 
forests at the climatic limit. The Melaleuca forest, however, has a different position. On the 
mainland it is a serai community ultimately replaced by mallee. It appears as an ultimate 
stage on the islands where the mallee is quite or almost absent. 

In regard to the flora, 108 species were collected; a much larger number than were 
previously known from the island. Of this total 24 per cent, are aliens. A ciomplete list of 
the flora is given with the life-forms, on Raunkiacr’s system, notes on the habit and habitat, 
and the occurrence on the other islands visited. The spectrum of the life-forms agrees 
closely with that for Pearson Island and shows a close alliance with those of the arid parts 
of the mainland. There is a high percentage of therophytes and chamaephytes and a very 
low percentage of hemicryptophytes. 

The paper is illustrated by three plates of photographs showing the main features of tlic 
vegetation. r. S. A. 
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Notices of Publications on Overseas Vegetation 


NEW SOUTH WALES 

McLuckie, J. and Petrie, A. H. K. “An Ecological Study of the Flora of 
Mount Wilson. Part III. The Vegetation of the Valleys.” Proc. Linn. Soc. 
of New South Wales, 51, pp. 94-113 with Plates VIII-X and 6 figures in 
the text. 1926. 

The present paper deals with the vegetation of the valleys which frequently intersect 
the Mount Wilson Plateau. The Ceratopelalum-Doryphora Association, already noted as 
occurring on the basalt slopes with a south to south-east exposure, is here dealt with in 
regard to its occurrence in the deep river- valleys cut out of the sandstone. Its distribution is 
recorded as varying with the physiography of the country and an appreciation is given of 
its relation to adjoining types of vegetation. An interesting comparison is made of the 
structure and composition of this type of vegetation in its occurrence on the basaltic soil and 
the Hawkesbury sandstone. No marked discontinuity in the physiognomy of the type 
is to be noted, for the dominants are unchanged, although certain important and striking 
differences occur in the composition of the subordinates. On the sheltered south and 
south-east slopes the association continues down from the basalt caps into the bottom 
of the sandstone valleys. In the more exposed sandstone valleys the association is 
confined to the creek-bed at the bottom. The variation in the two occurrences of this type is 
mainly attributed to the difference in water content of the soils, which, on the sandstone, 
renders the dominance of Ceratopetahim and Doryophora less effective, so that more oppor- 
tunity is afforded to competing species of trees. There are subsidiary and more local differen- 
tiating effects such as the lower light intensities at the base of the precipitous cliffs in the sand- 
stone and exposure of bare rock surfaces. The general impression, gained from a study of 
the table illustrating the range and relative frequency of the chief constituents and the list 
of species with their degree of abundance, is that the full expression of the type occurs on the 
sandstone, and it is rather a preclimax that develops on the basalt so far as the limiting 
factors permit. 

The discussion is illustrated by diagrammatic sketches of typical tracts of country 
showing the general topography and geological structure. Accompanying sketches of the 
same areas show, by the aid of symbols, the correlative distribution of the types of vegeta- 
tion. The reduction for purposes of reproduction unfortunately makes the symbols a little 
difficult to recognise, but these pairs of sketches which can be superimposed in imagination, 
give a clear interpretation of the text and easily enable the reader to understand the dis- 
cussion. 

The other vegetation type of the valleys is that of the Eucalyptus forests, which also vary 
in distribution, extent and luxuriance with the aspect. They occur on the fringes of the basalt 
which are too exposed to be occupied by the Ceratopeialum-Dorijphora type and on the edges 
of the sandstone adjacent to the basalt. Two associations and several consociations are 
recognised in these Eucalyptus forests, the dominants in each case being species of Eucalyptus. 
Their distribution and composition are also clearly shown by diagrammatic sketches of the 
country and lists of species. 

In a short note on succession the inter-relations of each of the three climax communities 
of Mount Wilson are discussed, and natural changes of the habitat likely to favour one or 
other of the types are indicated. Such changes, however, will undoubtedly be very slow. 
Notes are also given on the effects of such alterations of the natural vegetation on agri- 
cultural practices. 

With this Part the authors conclude their account of the primary survey of the Mount 
Wilson area in so far as the main plant communities are concerned. A further Part is to 
contain the more detailed records of the work. T. F. C. 
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NEW ZEALAND 

Allan, H. H. “A Remarkable New Zealand Scrub Association.” Ecology, 7, 
p. 92. 1926. 

The correlations of form with environmental conditions and the plasticity of many species 
in the New Zealand flora are well known. The scrub that is described in this paper is a re- 
markable exemplification of this plasticity. It occurs on a windswept coastal hill, 300 m. 
high, on the west coast of North Island. The original coastal forest has here been destroyed 
to a large extent. This scrub forms a marginal belt to a patch of dwarfed forest. The most 
common plant is Metrosideros perforata: this plant, in the forest, occurs as a creeping plant 
on the ground or as a root climber. Here it grows as a rounded slirub 1 m. high with a dense 
growth of branches. These shrubs are bound together by lianes many of which permanently 
retain the juvenile form of leaf. A remarkable occurrence in this scrub is Podocarpus dacry- 
dioides and P. spicatm. Neither is typical of the coastal forest. These trees reach a height 
of about 1 m. and have the juvenile leaf form in the densely packed crown. Ring counts 
showed that trees of the same age in favourable stations would be 7-10 m. high. Shade 
plants, and especially ferns, occur below the trees. Most of these retain their juvenile form. 
This scrub is now being destroyed by cattle and is being invaded by grassland. 

R. S.A. 

SOUTH AFRICA 


Staples, R. R. ‘‘Experimenta in Veld Management.” Union. S. Afr. Dept. 
Agric. Sci. Bull. 49. 1926. 

The practice of burning vegetation, whether composed of grass or of bushes, is one that 
is very general throughout South Africa and is undoubtedly a custom of long standing. In 
spite of its frequency, there has been discussion on many occasions as to the value or other- 
wise of the practice. The present paper is a preliminary account of experiments undertaken 
with a view to the settlement of this question in the case of the eastern grass veld. A series 
of experimental plots were laid down in 1921 at Cedara in Natal on the grass veld, at an 
altitude of 3800 feet. The rainfall here averages 35-25 inches per annum and falls principally 
in the summer montlis, September to March. 

Twelve plots were laid down in a grassland community in which Theineda triavdra 'uas 
the most important species. These plots received various forms of treatment as to burning, 
grazing, mowing, etc. While the plots were started in 1921, detailed observations com- 
menced two years later, at which time the treatment of some of the plots was altered. Notes 
are given of the composition and seasonal aspects of the plots in 1923, but no details are 
supplie 1 of the original composition at the start of the. experiment. This is especially un- 
fortunate as the control plot was burnt by lightning in June 1924. 

From the preliminary study the following conclusions are reached: 

1. The dominant grass, Thcmeda triaivdra, can withstand yearly winter burning if it is 
not grazed. 

2. Burning is not injurious if carried out under suitable conditions, e.g. after rain. 

3. Earlier grazing is got from plots periodically burned, 

4. Spring or summer burning is harmful to Themeda triandra but does not destroy other 
climax grasses. 

5. Weeds are favoured by burning. 

6. Where neither burning nor grazing occurs, Themeda is replaced by Trachypogon 
plumo8U8j or with mowing or grazing but no burning by Andropogon and others. 

The quadrat charts made in 1924 of the plots are reproduced. For purposes of com- 
parison it is unfortunate that the forms of shading are not used consistently for the same 
plants throughout. Several photographs are also given. R. S. A. 
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WEST AFRICA 

Ainslie, J. R. “The Physiography of Southern Nigeria and its Effect on the 
Forest Flora of the Country.” Oxford Forestry Memoirs^ No. 5, 
pp. 36, with 4 plates and 6 text-figures. The Clarendon Press, Oxford. 
1926. Price 4s. 

The Memoir is divided into three Farts, with three Appendices. The first Part gives a 
general account of the geography, geology and physiography of the country. The second 
Part is a brief summary of the chief local factors influencing plant growth, and the third Part 
outlines the main divisions of the vegetation and then discusses the different forest types. 

Southern Nigeria is described as a vast sloping plain rising northwards gradually from 
the seaboard to an average height of 1200 ft. in the interior. On the east mountains to 
0000 ft. occur, and elsewhere there are isolated smaller ranges and occasional precipitous 
hills. The basal rocks are of Archean age; marine deposits indicate submergence during 
Cretaceous and again in Tertiary times of the eastern part of the country and o| the main 
valleys of the present rivers. Lateritic cementation is found on exposed sedimentary rocks 
generally and tropical red earths are common. The coast line is edged with deltaic muds 
and sands. The river system corresponds generally with the fall of the country from north to 
south; the Niger valley cuts the country into a western and an eastern portion, and the 
Cross River circles through the eastern portion before turning south. 

A monsoon type of climate prevails, the rain coming with the south-west winds. Generally 
precipitation decreases with distance from the coastline; orographic features and also forest 
masses as opposed to deforested and exposed areas cause local variation. The deltas of the 
coast and river floods also provide local factors of importance. Inland the prevailing desic- 
cating north-east Harmattan exercises considerable influence. 

Three main physiographic divisions are recognised; the Littoral, the Plains, and the 
Uplands. In connection with the Littoral the mangrove swamps are discussed separately 
from the sand-bank areas. The Plains are a strip of coastal land behind the Littoral and some 
40 miles wide. The Uplands are the hinterland, deeply cut by wide river valleys, and falling 
naturally into four subdivisions, the Yorubaland Uplands, the Udi Plateau, the Sonkwala 
Plateau, and the Oban Hills. Each of these three physiographic divisions is characterised 
by its own type of vegetation, which the author describes as a climatic series, differentiated 
mainly with regard to the degree of precipitations. Thus sand-bank scrub occupies the 
littoral, rain forest the plains, and deciduous forest and savannah the uplands. In eacdi, 
however, a parallel edaphic series, dependent on the water content of the soil, is also to be 
recognised. This series, in the same sequence, is the mangrove, freshwater swamp, and 
fringing forest. The discussion of these types of forest and their subdivisions is given in some 
detail, and is considered generally under three headings, a general description of the physiog- 
nomy of the forest type with any special features, the floristic composition, and notes on the 
distribution. 

The Littoral Forests, subdivided into Mangrove Forests and Sand-bank Forests, are 
similar to those generally occurring in the equatorial tropics. The Tropical Rain Forests are 
considered as comprising the Freshwater Swamp Forest and the Rain Forest. The former 
of these occurs along river flood plains and on areas subject to periodic inundation, and is an 
edaphic climax; the latter is the climatic climax of the country. Many families and genera 
are common to both these types of forest, but, on the whole the Swamps are characterised by 
Palmaceae, certain Leguminosae, Guttiferae and Apocynaceae. The rain forest favours 
areas not subject to inimdation and has been sadly depleted by shifting cultivation. It 
contains the endemic elements of the West African closed forest and is characterised by 
Meliaceae, Leguminosae, Sterculiaceae, Euphorbiaceae, and Moraceae. Woody lianes are 
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prominent, and the physiognomy is typically that of equatorial forest. Special sub-types 
of forest are mentioned as providing transition areas to the heavy forest of the Cameroons 
and the neighbouring types to the north. Deciduous and Fringing Forests are considered as 
the next inland belt of forest. The Deciduous is more open, and on the whole there is a tendency 
to periodicity in that the trees are generally defoliated during the dry season. The floristic 
composition of these forests is somewhat similar to that of the Kain Forest previously 
mentioned, but representatives of a more xerophytic type are recorded. In fact the De- 
ciduous type as here recognised appears to comprise a preclimax of the Rain Forest and an 
ecotone between closed forest and savannah. The Fringing Forest is a condition of theedaphic 
climax to the south, there discussed as the Freshwater Swamp Forest. 

The Savannah Forest, an open woodland with a grass ground-cover or isolated trees in 
grassland, is encountered through the ecotone in ever-widening patches until it obtains 
general dominance where the precipitations do not exceed 50 inches a year, and is always 
subject to modification by local influences. Its floristic composition is typical of the Sudanese 
vegetation.. 

The Appendices contain the average monthly rainfall records for typical stations in 
Southern Nigeria, a table showing the occurrence and distribution of the commoner species 
through the forest types ; and a list of the authors coi^sulted. 

Mr Ainslie is to be congratulated on providing this appreciation of the forest types of 
Southern Nigeria and the factors influencing them. The area under consideration is vast, and 
it has been no mean task to visualise this mass of vegetation and resolve it into its chief 
component types with their characteristic features and composition. T. F. C. 


NEW BOOKS RECEIVED 

Haviland, Maud D. Forest, Steppe and Tundra: Studies in Animal 
Environment, 8| x in. Pp. 218. Eight photographic plates, 
8 text'figures and a folding map. Cambridge Univ. Press, 1926. Price 
12s, Gd, 

The author (Mrs H. H. Brindley) who has travelled widely in eastern Europe, Siberia and 
Guiana, and is already known for her contributions to ornithology and entomology, writes 
pleasantly and interestingly on the Guiana Rain Forest, the South Russian Steppe, the 
Eurasian Tundra, and (very briefly but very well) on the Siberian Taiga (northern coniferous 
forest). Mrs Brindley is a true naturalist, and her numerous personal observations as well as 
her references to those of other travellers, together with good discussions of particular types 
of environment, make an attractive whole. She has an excellent grasp of the conditions of 
life of both plants and animals in the regions she has visited, as well as a marked power of 
appreciation and expression of the varied beauty of scenery and atmosphere. 

Stamp* L. Dudley. The Vegetation of Burma from an Ecological Standpoint. 
10 X 8 in. Pp. vi -f 68 and two unpaged indices. 28 photographic plates. 
(University of Rangoon Research Monograph No. 1.) Calcutta: Thacker, 
Spink & Co., 1925. 

The author states in the preface that this work has grown out of a paper dealing with 
the Ecology of part of the Dry Belt of Burma published in this Journal, 11, 1923. 
Its appearance in the present enlarged form with plates (illustrating the vegetation types) 
Journ. of Ecology XV 12 
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is mainly due to the interest of the officers of the Indian Forest Service in Burma. The work, 
which is concise and systematic, will be of great value for reference both to foresters and 
students of vegetation. 

Naturalises Guide to the Americas. Prepared by the Committee of the 
Ecological Society of America on the Preservation of Natural Conditions. 
Assembled and edited by the Chairman, Victor E. Shelford. 9 x 6 in. 
Pp. XV + 761. 16 plates and figures. Baltimore: The Williams and 
Wilkins Company; London: Bailliere, Tindall and Cox, 1926. Price 465. 

This book grew naturally out of the effort to classify the existing American ‘‘nature 
reserves” and to indicate fresh areas for preservation. It consists mainly of concise de- 
scriptions, by many different authors, of the biota of natural regions of North America, 
Central America, the West Indian islands, the northern portion of South America, and the 
Philippines. To this are prefixed useful chapters on the '‘Uses, Values and Management of 
Natural Areas,” and on the “Original Biota of the Americas North of the Amazon.” One of 
the main impressions gained by the compilers and by the Editor, Prof. Shelford, was that of 
the fragmentariness of our knowledge, and especially of our almost complete ignorance of 
the ecology of the invertebrate land fauna. In spite of the lacunae and other inevitable 
defects, the work, which has involved an enormous amount of devoted labour, will certainly 
be of great value for reference, and should serve as a stimulus to new ecological studies and 
investigations of all kinds. It may be considered as a sort of provisional encyclopa'dia to the 
American biota. 

Wissler* Clark. The Relation of Nature to Man in Aboriginal America. 
8| X in. Pp. XX + 248. 51 text figures. Oxford Univ. Press, American 
Branch, New York, 1926. Price $3.50. 

This book by the Curator-in-Chief of the Department of Anthropology, American Museum 
of Natural History, and Professor of Anthropology in Yale University, deals with the geo- 
graphical distribution of a largo number of social and somatic characteristics and of traits 
of natural culture of various tribes of North American Indians. He finds that all these are 
distributed zonally from certain centres, the tribes at any given centre having the largest 
number of elements in a culture-complex, and those in successive surrounding zones pro- 
gressively fewer. This is explained by supposing that the “trait complex ” originated in the 
centre with few elements which gradually spread outwards in all directions (unless, of course, 
geographical barriers stopped them) while the centre evolved additional or more elaborate 
elements, which in their turn spread outwards. Thus the nucleus of the culture would come 
to possess its richest and most highly specialised form, while the margins only attained the 
primitive stage, including the elements common to the whole. The conditioning factor of 
this process of evolution and diffusion is the natural ecological area, where the conditions 
of life are favourable to the development of the culture. An outstanding example is the 
bison area of the Great Plains with its dominant buffalo-grass and great herds of bison, 
on the hunting of which the characteristic Indian culture, which here found its centre, 
depended. 

Russell, E, J. Riant Nutrition and Crop Production, 8f x 5| in. Pp. 
ix + 115. 21 photographic plates and 37 text-figures. University of 
California Press (Cambridge Univ. Press), 1926. Price 125. 6d. 

Sir John Riissell’s Hitchcock lectures at the University of California (1924) present in 
a short space and in the author’s well known clear and attractive style an exposition of the 
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essentials of our knowledge of this rapidly developing subject up to the date at which they 
were delivered. 

Spitsbergen Papers, Volume 1. Scientific Results of the First Oxford Uni- 
versity Expedition to Spitzbergen (1921). Oxford Univ. Press, 1925. 
Price 305. 

This is a collection of 32 papers reprinted from various scientific journals (including two 
from this Journal) without change and bound together, with an appendix containing 
a list of Polyzoa, Tunicata and Hydroida collected by the expedition, and a short 
preface. The preface contains the following remarks (p. v). ‘‘No longer is the biological 
success of an expedition estimated chiefly by the number of species or genera ‘new to science ’ 
which it discovers. The ecological point of view has become prominent, and the study of 
the interrelations of organisms in nature has become recognized as increasingly important 
for the proper understanding of the problems of biology.” ”ln this respect the Arctic lands 
occupy a special position. Ecological detail is here reduced to a minimum. So few species 
are present that it becomes possible for us to master the sum of their interactions with each 
other and with their environment, and so to see the ecological web as a whole; and the light 
thus gainerl may be profitably applied to the greater complexity of more genial climates.” 

Hayek, August. Allgemeine PJlanzengeographie. 10 x in. Pp. viii +409. 
5 text-figures and 2 folding maps. Berlin: Gebriider Borntraeger, 1926. 
Price 18 marks (paper cover). 

This general text- book, covering the field of both ecological and floristic plant geography, 
clearly and pleasantly written, is for the most part a competent production. It is however 
in the floristic section that the author is most at home. The ecological section is rather 
superficial in parts. The account of soils is poor and scarcely up to date, of succession ex- 
tremely meagre. On the other hand, a good though uncritical description is given of the 
ideas of the Upsala and Zurich schools. The bibliography is long, but a good deal of important 
work, especially American work, is omitted, and it contains many misspellings of names. 

Shaw, Sir Napier. Manual of Meteorology, Vol. 1. Meteorology in History. 
10| X 7 inches. Pp. xx+339, with 121 figures. Cambridge University 
Press. 1926. Price 30.5. 

This is the first, historical, volume of Sir Napier Shaw’s great manual, of which Volume iv 
(Part iv), “The Kelation of the Wind to the Distribution of Barometric Pressure,” has 
already been published. Volume n, “Comparative Meteorology,” is now in the press. 
The parts of most immediate interest to ecologists are Chapter ii, which deals with the 
Mediterranean climate as recorded by classical writers and also as analysed by modern 
methods, and Chapter vi, on the Variability of Mediterranean Climates in Historical Times, 
which cites some of the evidence, and the opinions of the authorities, for progressive and 
fluctuating climatic changes in this region. The author concludes that the Mediterranean 
climate as a whole has not altered its essential character, though there is good evidence for 
desiccation in the parts of Asia to the east of the Levant. The author calls attention to two 
factors, besides climatic changes, which may be considered meteorological, which are 
irreversible, and against which, in the long run, humanity is powerless, viz. the covering of 
fertile regions by blown sand, and the removal of upland soil to the sea by the action of 
rainwash and rivers. The volume is written in Sir Napier Shaw’s scholarly and attractive 
manner, and is beautifully produced. 
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BRITISH ECOLOGICAL SOCIETY 

SOIREE AT UNIVERSITY COLLEGE, LONDON 

The members and guests were entertained by the President and Council at a Soir6e in 
the Botanical Department of University College, London, at 8.30 p.m., on January 7th, at 
which a number of extremely interesting exhibits were shown. 

In the Elementary Laboratory the President exhibited a series of photographs and 
specimens illustrating the history of the peat in the Pennines, showing that the forests that 
formerly clothed what is now moorland flourished during the latter part of the Palaeolithic 
age and probably degenerated during the Neolithic period. 

Mr N. Y. Sandwith (Royal Botanic Gardens, Kew) exhibited a striking series of cushion 
plants and spiny xeromorphs from the Andes ; these included the remarkable Viola volcanica 
Gill and Hook., with its rosette-like habit, V erhena patagonica Speg., suggestive of a Raoulia, 
Verbena Comberi Sand with, like a small gorse bush, species of Nassauvia, Nastanihus, etc. 

Mr V. S. Summerhayes (R.B.G. Kew) exhibited a series of Australian plants, chiefly 
Leguminosae, Proteaceae, Myrtaceae, Rutaceae and Compositae, showing homologous and 
analogous homoplasmy. The Epacris type of foliage was represented in Epacris itself, in 
Acacia horridxda, Daviesia squarrosa and Melaleuca styphelioides. The branched spines of 
Jacksonia spiposa^ recalling Colletia, were strikingly paralleled by the spiny compound leaves 
of Orevillea teretifolia and Pierophila seasilia, while the ericoid and switch habit were illus- 
trated in a great variety of species. 

Prof. Ruggles Gates showed a series of tundra lichens collected at Murmansk (Arctic 
Russia), 

A scries of photographs by Prof. Cockayne illustrated the history of Tussock grasslands 
in New Zealand. 

Mr S. K. Mukerji showed specimens illustrating Indian maritime and Himalayan plants. 

In the Advanced Laboratory Prof. Oliver showed a series of photographs illustrating 
the colonisation of the Far Point at Blakeney by Paanmui {Ammophila) and Trificwn {Agro- 
pyruni) junceum, also a series of specimens showing the winter phase of a number of maritime 
species. The dune annuals are winter annuals, whilst those of the salt marsh are summer 
annuals. The perennials show varying degrees of winter greenneas. 

Mr W. B. Turrill exhibited a series of specimens from the Balkans, showing the appli- 
cation of Raunkiaer’s system of life forms. The area has a low proportion of trees and shrubs 
and a high percentage of annuals and geophytes. The Director of Kew exhibited photographs 
of transplantation experiments in U.S.A. A series of growing plants of various species of 
Crocus was exhibited by Dr E. J. Collins. 

Mr T. A. Dymes exhibited a number of specimens showing the modes of seed dispersal 
in various British flowering plants. These included Allium urainurn, Asarum europaeum, 
Carex ornithopoda, Alchemilla vulgaris and Helleborus foetidusy for which ants function as 
agents of dispersal, and Arum rnaculatum, for which worms perform the same function. In 
Frankenia laevia the capsule drops unopened and dehisces when wet. Other cases of “nega- 
tive hygroscopicity illustrated were ArTwseris pusilla and Prunella vulgaris. 

Mr Marsden- Jones exhibited specimens of the wild Beta vulgaris grown in garden soil, 
and a putative cross with the garden beet. A fine series of specimens from maritime habitats 
in Portugal was shown by Prof. Oliver. 

Prof. Boycott showed specimens illustrating the habitats and mode of dispersal of some , 
freshwater snails. The young of various species of Planorbis were shown for comparison, 
those of P . corneus which are thick are distributed with difficulty, but the very flat shells of 
P. apirorbis adhere readily to the wet plumage of water birds. 
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During the evening short talks were given by Dr A. W. Hill on “Some American Trees,” 
and by Dr E. J. Salisbury on “Some disappearing British plants.” 

THE ANNUAL MEETING 

The Annual Meeting was held on January 8th in the Botanical Department, University 
College, London, at 10.30 a.m. 

The President occupied the chair and there was a large attendance. 

The minutes of the previous meeting were, in view of the rather long programme, taken 
as read. The Hon. Secretary then read his report for 1926, which was adopted. 

Hon. Secretary’s Report for the Year 1926 

During the past year three meetings have been held. The Annual Meeting took place in 
the Botanical Department of the University of Manchester on January 9th and was preceded 
by a Soir4e on the evening of the 8th. On the 10th Prof. Weiss and the Curator conducted 
the members round the Cactus House and demonstrated the chief points of interest. The 
Society is greatly indebted to Prof. Weiss and his staff for their hospitality and the excellent 
arrangements, which contributed in no small measure to the success of the meeting. 

Two field meetings were held. The first was on March 13th, under the guidance of 
Mr Sherrin, when the Bryophytic flora of calcareous soils was examined at Boxhill, and 
the second was on October 9th, when, under the guidance of Mr Rarnsbottom, the Society 
examined the Fungi of the same area in conjunction with the British Mycological Society. 
An extended field meeting to last a week was arranged for in the neighbourhood of Exeter 
during August, but unfortunately the number of names sent in did not justify keeping open 
the hostel where arrangements had been made for the accommodation of members, and the 
meeting had to be abandoned. Our thanks arc due to Mr Sager for making the local arrange- 
ments, and none the less because his efforts were in vain. 

Two numbers of the Journal have been issued during the year, in February and August, 
together comprising 360 pages and ten plates. 

During the past year five members have tendered their resignations and we have to mourn 
the loss by death of Mr C. Hunter of Bristol University. We start the new year however 
with thirty -five new members, amongst whom we are especially glad to welcome fifteen of 
our colleagues in the United States, and three from Soviet Russia. 

The Council’s nominees for the oflicers and Council were elected as follows: 

Vice-President: Prof, Fritch. 

Council: Dr Burtt Davy, Dr W. Watson. 

Hon. Editor: Mr Tansley. 

Hon. Sec. : Dr E. J. Salisbury, 

The President then delivered his Presidential Address “On the History of the Vegetation 
of the Southern Pennines,” a full report of which will appear in the Journal. On the motion 
of Prof. Weiss, seconded by Prof. Fritch, a vote of thanks was unanimously accorded to the 
President for his Address. 

Prof. Oliver then gave an account, illustrated by lantern slides, of certain aspects of 
Portuguese vegetation. He emphasised the richness of the Flora, which not only includes 
some 3000 native flow^ering plants but also a large number of aliens, particularly from 
S. America. The dune vegetation does not form a continuous turf but consists of numerous 
closely approximated bushes of Corenia alba and other shrubby species, betw^een which 
biennials and annuals form an incomplete covering: this absence of continuous vegetation 
is correlated with a very eoarse-textured sand. The salt marsh vegetation of Spartitia stricta, 
and the “Matto” with shrubby vegetation, in which Cistus ladaniferus is a conspicuous 
feature, were also described. 
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The meeting then adjourned for lunch in the College Refectory. 

On resuming, the Hon. Treasurer presented the accounts, which were adopted, subject 
to audit. The year’s working showed a balance of £28. 185. M. 

On the motion of Prof. Thoday, Mr Robert Paulson was re-elected Honorary Auditor 
for 1927. 

The Hon. Treasurer drew attention to the fact that the satisfactory position of the 
Society financially was due in no small measure to the fact that the Journal, which was our 
chief item of expenditure, was produced as economically as possible consistently with its 
high standard of production by the Cambridge University Press. This was largely due to 
the efforts of the Hon. Editor; an appreciation Avhich the members present heartily 
endorsed. 

Mr Tansley pointed out that the cost of the Journal was much more nearly covered by 
subscriptions and sales of the current volume than was the case last year. This indicated a 
healthier financial condition than was apparent from superficial comparison of figures. 

At the suggestion of the Hon. Treasurer, the President proposed that the Society should 
contribute a sum of £10 towards the Centenary Fund of University College, London, as a 
token of the Society’s appreciation of the hospitality that they had there so frequently 
enjoyed. This was carried unanimously, and the action of the Society was appreciatively 
acknowledged by Prof. Oliver. 

Prof. Fritoh then gave an account of further work on the vegetation of Hindhead 
Common wit^h particular reference to the effects of burning. The selective action due to 
more or less protection of the crown appeared to be chiefly operative in areas of low growth 
and valley areas. High growth and areas occupying exposed ridges usually showed a very 
high mortality, probably due to the greater heat during burning. The apparent stimulation 
of Pteridium after burning was also emphasised. In the discussion which followed Mr Tansley, 
Dr Salisbury, Prof. Yapp and Prof. Weiss took part. 

Dr A. W. Hill (Director of the Royal Botanic Gardens, Kew) then opened a discussion 
on transplantation experiments, suggesting the desirability of undertaking experiments in 
this country similar to those carried out by Dr Hall in California, with a view to discovering 
whether the changes produced, if any. were of a permanent or temporary character and in 
what this change consists. 

After a discussion, in which Dr Salisbury, Prof. Oliver, Prof. Weiss, Prof. Yapp, Mr 
Tansley and Mr Ramsbottom took part, it was agreed that a committee should be appointed 
by the Council to consider the matter in consultation with Dr A. W. Hill. 

Prof. Yapp then dealt with size as a factor in plant succession, emphasizing the generally 
increasing size of the dominants from the pioneer phase to that of the climax and adum- 
brating the possible causes of this sequence and its irregularities. 

Prof. Boycott described experiments on the habitats of certain freshwater mollusca in 
which he showed that the gill- breathing operculate snails are absent from ponds because 
of the unsuitability of the habitat, transplanted specimens failing to survive more than two 
or three years. The absence of Planorhis corneus from ponds was shown, on the other hand, 
to be due to inefficient dispersal; an outcome of the thickness of the shell in comparison 
with its diameter even in the young state, so that the snail would not adhere to fragments 
of waterv^eed transplanted by birds. Other more flattened species of Planorhis were widely 
distributed in the ponds studied since they readily adhere to the plumage of birds or to water 
weeds which the birds carry. Transplantation of P, corneus to ponds from which it was 
absent almost always resulted in successful establishment. 

The meeting then concluded and the members were entertained to tea in the Research 
Room. 



BRITISH ECOLOGICAL SOCIETY 


X O 

o 

© 

CO 

P-4 


IM 




^ o © 

(M 

l> 

X 

© 

1— ( 





2 CO © 

kH 

© 

X 




t- 

(M 

© 


© 

© 


© 



^J©;^© 

; : <N ^ © X (M 

: 

(M © 

6C 

-H C<| c- d 

I-H © (M CO 


©© 


© Ip CO 

: : (M ^ 

: . ^ 


© © 

CO *o 


I I II’ 

a; “s 


a s . 

siJjt 
4; I I a I ' 

g s ill M f 


xo 

: : : © ^ x © 

a-* <N lO 

© © o o 

®5 

>H pH pH 


. ; ; -H Q X (Si 

^ pH 

: . . X © 

<N 

X 


ii 

^ 5(5 0) Ctf 

mi'll 

fl d ^ ^ o 

o 0(S>^> 

iJsJ so(S 


S, O O-i 

♦M 

B a'e ° 
^■ih 
nil 


: 5 - 

CQ ® 
c! I o 

I »i = 

3 b S p 
g.<0 S 
£ 

“•gM S 

CO O- ^ o 

§ s «il 

•SM g g 

C j8 i-n Ph 

C fr{ tH Sh 
M ® 3 d 

-g §^02 


269 17 8 Investment: £200 5 p.c. War Loan (1927-1947) at cost 203 13 

Note. A further asset is the unsold stock of the Journal 

of Ecology held for the Society by the Publishers. 

284 2 8 284 2 



184 


LIST OF MEMBERS (Januaby 21st, 1927) 

Corrections, omissions or changes of address should be notified at once 
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INTRODUCTION. THE CHIEF TYPES OP VEGETATION. 

The climatic zonal distribution of soils and vegetation is very well marked 
on the extensive plains of eastern Europe, western Asia and Turkestan, 
expressing itself in the following sequence from north to south : 

1. Tundra. 

2. Taiga, i.e. Coniferous Forest with the Podsol^ type of soil. 

3. Grass Steppe, with Black Soil {Chernozem). 

4. Semi-desert, with Chestnut and Brown Soil {Burozem). 

5. Desert, with Grey Soil (Serozem) or Light coloured Soil (Svetlozem). 

^ Freely translated from the German by the Editor; proofs revised by the author. The Editor 
acknowledges the kind help of Dr E. H. Minns, F.B.A., of Pembroke College, Cambridge, in the 
transliteration of Russian names and terms. 

* Podzdl (Russian pod^ under, and zoldt ash) is more correct, but podsol is now practically 
stabilised in English. 
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190 Vegetation of the Plains of European Russia 

The last named is confined to the Asiatic region (Turkestan). Besides these 
main zones transitional zones must be distinguished, viz. Forest-tundra be- 
tween (1) and (2), and Forest-steppe between (2) and (3). The fundamental 
cause of the zonation is change in the climatic factors — the zonal distribution 
of climate. But complication is introduced because the climate changes not 
only from north to south but also from west to east, from the oceanic climate 
of western Europe to the strongly continental climate of the centre of the great 
Eurasian continent. Again the climatic effects vary according to the various 
topography and the varying ‘‘rock” of different localities within each zone. 
The general features of the zonation correspond well with the scheme of 
Brockmann-Jerosch and RiibeP, though each zone displays whole complexes 
of vegetation according to the local variations of conditions. 

The most important historico-geological factors are first the great glaciers 
which formerly covered most of the plains to be described, and secondly the 
waters of the Caspian Basin which at one time spread over much of the south- 
east. For the sake of simplicity the plains may be divided into two regions 
with respect to the effect of glaciation. The northern forest-covered region 
shows the typical moraine landscape, the southern steppe region is on the whole 
flat, but more or less cut up by ravines. The former is mainly covered by 
coarse material brought by the ice, the latter shows the influence of water 
set free by the melting of the edges of the ice sheet. 

With the disappearance of the ice and the retreat of the waters of the 
Caspian Basin enormous areas were thrown open to colonisation by vegetation. 
In this vegetation we may distinguish certain elements whose areas of distri- 
bution even to-day bear witness to their post-glacial lines of immigration. The 
most important are the following: 

(a) Tundra vegetation, which may be supposed to have first occupied the 
ground as the ice retreated. 

{h) Coniferous forest. The development of this was determined by the 
advance of the two leading coniferous species, Picea excelsa and Pinus silvestris. 
The communities which they form show to a considerable extent a combination 
of tundra and forest vegetation. 

(c) Deciduous forest. The mid-European broad-leaved deciduous forest, 
represented in Russia by oak forest, clearly shows a gradual impoverishment 
and dying out from west to east, and does not extend beyond the Urals. 

{d) He/rh and grass vegetation of the steppes. This on the contrary represents 
a stream passing from east to west. On the plains of Russia the flora of the 
distant steppes of the Altai is strongly represented, and the westward stream 
of steppe plants at one time reached even to southern Sweden and England, 
where certain species still linger. 

(e) The typical flora of the semi-deserts and deserts has its origin in the great 
mountain and desert species-forming laboratory of Turkestan. 

^ Die Einteilung der PflanzengeaeUachaften^ 1912, p. 67. 
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In southern Russia, beyond the limit of distribution of erratic blocks, rare 
species occur which may be taken as relicts of the Ice Age and partly even of 
preglacial Tertiary times ; and in various deposits of peat and lignite in middle 
and south Russia, belonging to interglacial and preglacial times, interesting 
plant fossils occur. But data for the reconstruction of the history of vegetation 
from the Tertiary to the present time are still very scanty. 

At Kiev, at Mezino (Gov. Chernigov), at Kostenki (Gov. Voronezh), etc., 
palaeolithic remains occur, going back to the Aurignacian. These palaeolithic 
men, contemporary with the fauna and flora of the Ice Age, were acquainted 
with the use of fire, and their history is interwoven with that of the vegetation 
from a very early period. 

In the following brief sketch of the vegetation it will only be possible to 
touch lightly on the enormous mass of data accumulated by Russian plant 
geographers, pedologists and foresters. The sketch maps (between pp. 192 and 
201) will, it is hoped, enable the reader more easily to form a picture of the 
distribution of the factors and of the vegetation. 

1. TUNDRA AND FOREST-TUNDRA. 

Pohle (1903) distinguishes Tundra and Forest-tundra as two zones, the 
arctic and the subarctic. 

Tundra. To this belongs only the extreme north-east — the two islands of 
Novaya Zemlya, the island of Vaigdch, and the Paikhoy mountains and sur- 
rounding country. The most characteristic trait of this region is that there is 
no closed covering of flowering plants, though many species are present. The 
whole country between pure tundra and the zone of closed forest belongs to 
the subarctic zone or forest-tundra, and here most of the plant communities 
are closed. In this zone the tundra vegetation is represented mainly by 
various peat-forming communities. Peat- hillock tundra’’ has a special 
distribution and on this Pohle comments that the alternation of peat ridges, 
poor in species of Sphagnum, with water channels, whose vegetation consists 
mainly of Sphagnum, gives the physiographical character of the tundra 
moors. These are only found in the subarctic region, i.e. the transition region 
between boreal forest and arctic desert. In fact the peat ridges represent the 
arctic element, while the channels are to be considered as the remains of the 
Sphagnum bogs of the northern forest region. According to Pohle’s descrip- 
tion the peat ridges remain frozen even in summer close to the surface, and the 
surface itself is sometimes nearly bare of vegetation over great stretches. 

Rubus chamaemorus is especially characteristic of the peat ridges. The 
woody plants of these ridges nearly all creep on the ground and only excep- 
tionally rise a foot above it. The other most important dwarf shrubs are: 

vSalix glauca Ledum palustre Andromeda polifolia 

Be tula nana Empetrum nigrum Lyonia (Cassandra) calyculata 

Arctous (Arctostaphylos) Vacciniuin uliginosum 
alpina V. vitis-idaea 
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192 Vegetation of the Plains of European Russia 

The most important herbs are : 

Trientalie europaea Bartsia alpina Descharapsia caespitosa 

PoJygonum viviparuni Festuca ovina J uncus trifidus 

Pedicularis lapponica Eriophorum vaginatum 

The phanerogamic vegetation is not closed. 

The hollows between the peat hillocks are covered with water to a greater 
or lesser degree and have the character of Sphagnum bog. Pohle never found 
ice in summer even at a depth of 1-6 m. in the dead Sphagnum of the hollows. 
The phanerogams are typical Sphagnum-bog plants and other bog herbs : 

Andromeda polifolia Carex rotundata Comarum palustre 

Oxycoccus palustris C. rariflora Hippuris vulgaris 

Drosera rotundifolia Menyanthes trifoliata Equisetum heleocharis 

Eriophorum russeolum Caltha palustris 

Tanfil’ev describes the following characters of the hillocks. Diameter 
5-25 m., height about 3-5 rn. The main mass of the hillock consists of Sphag- 
num fuscum. The surface has a dirty white or grey colour derived from the 
lichens: Cladonia rangiferina, Cetraria nivalis, Stereocaulon paschale, Corni- 
cularia aculeata, Sphaerocarponfastigiatum: also Ochrolechia tartarea on mosses. 
Of these latter mainly Sph, fuscum and Poly trichum strictum. 

Tanfil’ev made diggings in the peat of the hillocks down to the mineral 
substratum and both on this underlying sand or clay and also in natural sections 
of the peat he found remains of birches and spruces. Pohle observed the same 
thing. The former author considered that these tree remains resulted from the 
destruction of the forest edge by growth of the Sphagnum bog and the forma- 
tion of permanent ice in the moss soil. The hillocks themselves he regarded as 
a peculiar kind of Hochmoor. Pohle thinks that this advance of tundra on 
forest was largely helped by human destruction of the trees. The forest stretched 
much further northwards in postglacial times when the climate was warmer 
than it is now. But later the islands of forest were easily suppressed by the 
better adapted tundra, communities. 

The tundra moor is the most important community which alternates with 
forest. In addition there are arctic heath, and moss and lichen tundra of 
various types, Saliceta, occasional meadows, and communities of halophytes 
on the sea shore. 

Of trees Picea and Betula play the leading role on the northern tree limit, 
in the east Larix sihirica as well. Besides these Pohle cites for the Kanin 
peninsula : 

Populus tremula Sorbus aucuparia Salix caprea 

Prunus padus Alnus incana Pinus silvestrie 

The extreme northern forms of Picea and Betula have been little investi- 
gated. The spruces belong to Picea excelsa Link and P. ohovata Ledb. which 
are connected by transitional forms. Of the birches there is a series of forms 
which may be united under Betula tortuosa Koehn. — also B. pubescens and to 
some extent B. verrucosa. 



Map 1. European Russia, showing the principal towns and some physical features. 






Map 2. Januaiy Isotherms (air -temperatures in ®C.). (From the Climatological Atlas of the 
Chief Physical Observatory, Petersburg, 1900.) 








Map 4. Moan annual precipitation (ram,). (From S. Nebolsin, Atlas of Maps of the moan distribution 
of atmospheric prt^cipitation in European Russia, Petrograd, 1910.) 




Map 6. Some FeatiireB of Glacial Surface Geology (after Tanfil’ev and Karpinski). 
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Zones of Vegetation. 


I. Tundra Zone. ' J \ /M 1 

II. Foreet-tundra. (Transition Zone.) J/''-----.. ' '-T^ \ 

III. Forest Zone: (a) Coniferotis Forest Zone: (4) with Siberian coniferous trees; (ti) witliont 
Siberian coniferous trees; (0) Finnish Coniferous Forest RcKion. (h) Mixed Forest Zone: (7) and (8) 
Pieeji e^celsa sens. lat. wltli Quercus pedunxulata as adruixture; (9) Mixed Forest with species of the 
Subocoanic CJimate of Central Europe. 

IV. Forest Steppe. (Transition Zone.) 

V. Steppe Zone. (17), (18) and (19) meadow and larffe -tufted Sitipa steppe; (23), (24. and (2.1) 
drier, small -tufted Stipa and Festuen sulcaia: (21) and (22) steppes under tiic influence of the Black 
Sea; (20) steppe on the Donetz elevation, 

VI. Beml-deeert Zone. 

The dotted line marks the southern Umii of erreUie blocks. 


Map 7. The Zones of Vegetation (Roman numerals) and more important Districts (Arabic numerals). After 
Busch, Fomin, Ilinski (from information of the Geobotanical Division of the Chief Botanical Garden in 
Leningrad), Novopokrovski, Tanfil’ev, the author, and others. 






Map 8. Limits of the Distribution of Trees on the Plains of Eastern Europe. 
(After Koppen, Korzhinski, Tanfil’ev and others). 
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The forest outposts push northwards along the river valleys. Tanfil’ev 
attributes this to the better drainage of the valley slopes so that ice is not 
formed so close to the soil surface. Also the valley slopes are better protected 
from wind and those which face south are more warmed by the sun. Kihlman 
long ago called attention to the role of wind in promoting evaporation 
from trees in winter and thus hindering their northward migration, and 
Gordy&gixi and Ivanov have now carried out direct experiments and shown 
how great an influence this winter evaporation, which continues with re- 
markable intensity under conditions of extreme frost, may have on the 
geographical range of various trees. 


II. CONIFEROUS FOREST (Taiga). 

In the very broad zone of Taiga or coniferous forest with podsolised soil 
the spruces are the most important and widely distributed trees. There are 
two forms — the western, European, Picea excelsa Link, and the eastern, 
Siberian, P. obovata Ledb. These two may occur together and form hybrids 
which connect the types, as has been observed by Kihlman in the Kola 
peninsula, and also relatively far to the east at Tyulina (Gov. Vy4tka) and at 
Krylov (Gov. Perm). In the second place stands the pine — Pinus silvestris. 
The ecological characteristics of spruce and pine determine the distribution 
and character of the coniferous forest of the zone in question. Some of the 
leading distinctions are set forth below (Morozov). 


Spruce (Shade-boaring) 

Crows well under the shade of pine. 

Demands relatively rich and moist, but not 
boggy, soil. 

The leaves are very plastic, so that the species 
shows great tolerance in respect of light con- 
ditions. 


Pine (Light-demanding) 

Cannot exist or grows badly under the shade 
of spruce. A relatively poor soil suffices for 
it. Xeropliilous. 

The root system is very plastic, so that the 
species has great freedom in respect of soils. 


Thus the spruce is most widely distributed on clay soils because it over- 
shadows and eliminates the pine, while the latter grows mainly on sand and 
peat. 

I. Spruce Forest (PI. II, Phot. I). 

The most important type of virgin spruce forest is the Piceetum hylo- 
comiosum, the soil of which is characterised by a thick unbroken moss covering, 
consisting mainly of the following species: Hylocomium proliferum, H. tri- 
quetrum, Hypnum schreberi, H. crista-castrensis, Dicranum undulatum. These 
mosses grow very well together and form a remarkably independent com- 
munity, which may exist in association with various coniferous trees. Thus 
Gordy&gin has described it in forest of spruce, Pinus sibirica and Abies sibirica 
near Samarovo on the Obi, and I myself in forest of Larix sibirica and Pinus 
sibirica on the Altai mountains. The same moss community is also character- 
istic of Pinetum hylocomiosum (see below). Besides the species cited. Poly- 
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tricha, especially Pfunifcrinum^ sometimes takes a considerable place in this 
moss community. 

In his general description of the spruce forest of the Tartar republic 
Gordyagin gives the following more important characteristics. Besides the 
spruce Abies sibirica may form a considerable constituent, but other trees 
are either absent or occur as isolated individuals only. In the undergrowth 
Juniperus communis, Sorbus aucuparia, Rhamnus frangula and often Prunus 
padus, are characteristic. 

The following are typical species of the layer of perennial herbs : 

Oxalis aoetosella P. rotundifolia Goodyera repens 

Cir(?aea alpina P. media Orchis maculata 

Linnaea borealis Moneses grandiflora Lycopodium clavatum 

Vaccinium myrtillus Tricntalis ouropaea L. arinotinum 

V. vitis-idaea Luzula pilosa Equisotum silvaticum 

Pirola minor Maianthemum bifolium Dryopteris phegojiteris 

Barer species are : 

Monotrojm hypopitys Neottia nidus avis. 

According to Gordyagin, only the tree and moss layers of these spruce 
forests are well developed, the shrub and herb layers being of subordinate 
importance. This forest is characterised by marked podsol formation and the 
soil is greatly impoverished in mineral salts. The root systems of the trees are 
superficial and mycorrhiza formation is frequent. 

Widely distant from the Tartar region and near the southern limit of the 
spruce, in Gov. Bryansk (formerly Orel), Sukachev describes spruce forest, of 
the same type (Piceetum hylocomiosum) with the same five species of moss, 
occupying depressions where the ground water is close to the surface, and 
there is here again marked podsol formation, and considerable development 
of pan. This forest consists mainly of spruce, but isolated individuals of pine 
also occur. The woody undergrowth is scanty and consists of 

Acer platanoidoB Quorcus pedunculata Kubus idacua 

Corylua avellaria *RhamnuH frangula *Sorbu8 aucuparia 

The herb and dwarf shrub layer (‘‘field layer” of the Scandinavians) is not 
closed and consists of 

Dryopteris spinulosa Melampyrum prateiiso Solidago virgaurea 

Convallaria majalis Milium effusum *Trientalis ouropaea 

Equisetum silvaticum *Oxalis aoetosella *Vaecinium myrtillus 

Fragaria vesca Pirola chlorantha *V. vitis-idaea 

*Luzula pilosa P. secunda Viola mirabilis 

^Maianthemum bifolium Pteridium aquilinum 

* Designates species given by Gordyagin as characteristic of the northern spruce woods. 

In the same region Sukachev distinguishes another type of spruce forest, 
the Piceetum fruticosum, on moderately moist, fairly rich soil with subsoil of 
cretaceous marl or phosphorite sand. This forest is dominated by spruce but 
has a considerable admixture of deciduous broad-leaved trees, such as Quercus 
pedunculata, Acer platanoides, Populus tremula, Betula verrucosa, Ulmus 
pedunculata Foug. The thick woody undergrowth consists of shrubs such as 
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Corylus avellana, Euonymus verrucosus Scop., Tilia cor data] and other repre- 
sentatives of deciduous forest are not infrequent. The herb layer also is rich 
and various, containing many representatives of the deciduous forest flora. The 
moss layer and indeed the constituent mosses themselves are absent. 

North-eastern forest. In this, besides spruce and pine, A bies sibirica, Larix 
sibirica, and still further east, near the Urals, Pinus sibirica, come in as con- 
stituents (see map 7, of the distribution of species of trees), but mostly only as 
subordinate members of the community. All three are associated with spruce, 
but Larix sibirica also with Pinus silvestris. 

In the district of Veliki-Ustyiig (Gov. Vologda) Bitrisch describes an inter- 
esting type of forest with the following characteristics : 

Top storey, open canopy: Larix sibirica 35-.5-39-1 m., 200-250 years old. 

Second storey: Pinus silvestris 28-4-.32 rn., 130-140 years old. 

Third storey: Picea 14-2-2 1-3 m., 120 years old. 


In more open places there is uninterrupted growth of spruce 30-50 years old. 


Fourth storey (dwarf shrubs 
Vaocinium myrtillus 
V. vitis-idaea 
Ox alls acetosolla 
Linnaea borealis 

Fifth storey (mosses): 
Hypnum schreberi 


and herbs): 

Asarum curopaeum 
Dryopteris polypodioides 
D. phe^^optcris 
Goody era repens 


H. crista-castrensis 


Pirola secunda 
Rubus saxatilis 
Lycopodium clavatum 
L. complanatum 


Hylocomium triquetrum 


The soil is sandy above, fairly dark coloured, podsolised, passing below into 
clay. There are fine inclusions and grains of calcium carbonate. Larix sibirica 
is indeed associated, in north-eastern Russia, with calcium carbonate. 

Forests near the western limit of the Russian Taiga zone. These show the 
influence of approach to the milder west-European oceanic climate by a 
stronger admixture of deciduous trees and the presence of species which are 
at home in this climate. This is very clearly shown in Poland by such species 
as A bies alba, Larix decidua, Fagus silvatica and Carpinus betulus, and by the 
presence of such distinctively western types as Hedera helix and Taxus 
baccala. 

2. Pine Forest (Russian Bor, plur. Bory). 

The pine is mainly a tree of sandy and partly of rocky soil. In middle 
Russia there are extensive tracts of sandy deposits which give favourable 
conditions for the development of pine forest. Gordyagin long ago established 
the following four types of pine forest for the Taiga region, somewhat con- 
densing Sernander’s classification: Pinetum hylocomiosum (PI. II, Phot. 2), 
cladinosum, sphagnosum, and herbosum. 

In the Tartar republic the first-named type has a continuous carpet of 
the same five species which characterise the Piceetum hylocomiosum. Since 
the pine allows more light to pass through its crowns than does the spruce the 
shrub and herb storeys are more developed. Besides the shrubs which char- 
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acterise the Piceetum hylocomiosum JRosa cinnamomea and Cytisus rvihenicus 
are especially characteristic of the corresponding Pinetum. 

The herb and dwarf shrub storey shows the following species : 

Pirola secunda Anemone patens Veronica officinalis 

P. chlorantha Lycopodium clavatum Calamagrostis silvatica 

{ 'himaphila umbcllata Fragaria vesca Melica nutans 

Melampyrum pratcuise Antennaria dioica Pteridium aquilinum 

Hicraciurn umbellatum Polygonatum officinale (Calypso borealis 

Solidago virgaurca Convallaria majalis Gymnadenia cucullata 

Pinetum cladinosum is characterised by a lichen covering of fruticose 
Cladoniae — C. silvatica, rangiferina, alpestris, uncialis. Of mosses Polytrichum 
pilifcrum and to some extent P. juniperinum are characteristic, but in these 
lichen woods mosses are of subordinate importance. 

The herb and dwarf shrub layer is characterised by the presence of a con- 
siderable number of species of dry sand and even of the steppes: 

Antennaria dioica Dianthus polymorphus Jasione montana 

Artemisia campestris Filipendula hexapetala Koeleria glauca 

Astragalus arenarius Genista tinctoria Sedum maximum 

(Campanula rotundifolia Gypsophila paniculata Silene otites 

("entaurea marschalliana Hieracium echioides Veronica spicata 

Dianthus arenarius H. pilosolla Vincotoxicum officinale 

These two types of pine forest retain their essential characters over a very 
wide stretch of the coniferous forest zone, and also farther to the south-east. 
Thus in the district of Kuznetsk I found one of the most southern outposts of 
Pinetum hylocomiosum constituted as follows* 


Tilia cordata sol. Euonymus verrucosus spars 

Populus tremula (one) Rosa cinnamomea (one) 


Woody undergrowth: 

Betula verrucosa sol. 

Sorbua aiicuparia sol. 

Cytisus ruthenicus sol. 

Herbs and dwarf shrubs: 

Vaccinium myrtillus cop. 

V. vitis-idaea cop. 

CJalamagrostis silvatica cop. -spars 
Convallaria majalis cop. -spars. 
Maianthemum bifolium cop. -spars. 
Pirola secunda cop. -spars. 
Pteridium aquilinum cop. -spars. 
Rubus saxatilis cop. -spars. 
Brachypodium pinnatum spars. 
Melampyrum prakmse spars. -sol. 
Chimaphila umbcllata sol. (greg.) 
Pirola rotundifolia sol. (greg.) 
Adenophora liUifolia sol. 
Aegopodium podagraria sol. 
Anemone patens sol. 

Betonica officinalis sol. 
Chrysanthemum corymbosum sol. 
Galium boreale sol. 


Hieracium umbellatum sol. 
Hypochaeris macula ta sol. 

Lilium martagon sol. 

Polygonatum officinale sol. 
Pulraonaria angustifolia sol. 
Sanguisorba officinalis sol. 

Serratula tinctoria sol. 

Solidago virgauroa sol. 

Viola montana sol. 

Antennaria dioica unico loco. greg. 
Trientalis europaea \mico loco. greg. 
Epilobium angustifolium 2 spec. 

Carex ericetorum I spec. 

Lychnis viscaria 1 spec. 

Tri folium lupinaster 1 spec. 

Linnaea borealis (found by V. Smirnov 
in this district). 


The moss covering was uninterrupted and consisted of the same five species 
already given (p. 201). 
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Pinetum sphagnosuin may originate from an invasion of the forest by 
Sphagnum bog, or inversely a desiccating Sphagnum bog may be invaded by 
pines. The pine forest developed on poor sandy soil is generally accompanied 
by Sphagnum bogs in depressions. 

III. MOSS PEAT MOORS. 

These are everywhere characteristic of the coniferous forest zone, and often 
occupy extensive areas, among which villages with their cultivated patches 
lie like islands. Pedologists divide the coniferous forest region into two sub- 
zones — the northern podsol-swamp subzone, where the peat moors are 
especially widespread, and the simple podsol subzone. 

The two principal ways in which the moss-peat moors are produced are 
by the growing up of lakes and consequent peat formation, and by the in- 
vasion of forest and of felled and burned areas by swamp. The spruce and pine 
woods show many stages of this conversion into peat moor. Doktur6vski and 
his fellow-workers have described the extensive moors of Poles’e in White 
Russia which have a special character. A typical picture is presented by the 
region of the affluents of the Pripyat (Pripet), which have a very slight fall, 
flow between low banks, and, in spring and after heavy summer rains, over- 
flow the areas between neighbouring streams, so that the water from one river 
often passes into another. Immense tracts are thus occupied by moors, many 
of which bear herbaceous vegetation, but in general they are occupied by 
Hypneta and Sphagneta, under the influence of the ground water (which is 
very poor in mineral salts) or of the overflowing river water. 

IV. EDAPHIC AND PHYSIOGRAPHIC VARIATIONS OF VEGETATION 
IN THE TAIGA ZONE. 

The account given below has been kindly drawn up by Ramenski, and is 
based on his own observations and on data from the literature. It refers to 
the so-called ‘^Lake Region’' of north-western Russia — a region of typical 
moraine relief. 

1. Terrestrial communities on well-drained slopes. 

A, Relatively rich little podsolised loam soils are mostly occupied by good 
spruce forest with a herbaceous ground covering of Asarum europaeum, 
Orobus vernus, Stellaria holostea, Betonica officinalis, etc. : the humus is 
mild and neutral and the role of mosses negligible. On heavy clays and 
soils containing carbonates (Russian poddubitsy) in the south-west of the 
region oak woods flourish with a richer ground flora, containing the same 
species. 

On the heavier and richer soils (clays and alluvium laid down in water) 
where there is more moisture, as in depressions and on the edges of swamps, the 
aspen is mixed with the spruce or oak, and dominance in the herb storey passes 

Journ. of Ecology XV ^ 14 



206 Vegetation of the Plains of European Russia 

to Aegopodium podagraria. Where moisture increases still further, the alder 
(Alnus glutinosa) appears and Ulmaria palustris, Crepis paludosa, etc., replace 
Aegopodium, while the forest grasses of drier habitats (Melica nutans, Poa 
nemoralis) are replaced by Milium effusum and Deschampsia caespitosa. The 
role of mosses is slight and the soil is more or less dark from humus and as a 
result of reducing processes. 

B. Sufficiently drained and moderately rich podsolised clay soils bear spruce 
woods of the first quality. They are distinguished from the preceding by the 
greater role of the birch, especially after felling, and a lesser development of 
underwood. In the herb storey Oxalis acetosella is dominant and there is 
a good deal of Vaccinium myrtillus, Maianthemum hifolium and Pirola. There 
are few mosses and in deeply shaded spots the herb layer itself is scanty. The 
humus is mild. 

With rise of moisture, increase of soil acids, and accumulation of raw 
humus the type of spruce forest deteriorates. Underwood is absent; the 
ground layer consists of Vaccinium myrtillus, F. vitis-idaea and Maianthemum 
hifolium, while cushions of forest species of Sphagnum appear {S. girgensohnii, 
in depressions S, squarrosum, sometimes S. wulfianum). 

C. Sandy soils are occupied by pine forest, in the best drained places by 
thin pine forest of poor quality with little underwood, and the soil is covered 
with a more or less uninterrupted lichen carpet {Cladonia silvatica, G. rangi- 
ferina, C. alpestrisY niixed with forest mosses such as Dicranum undulatum and 
Hypnum schreberi, and the '‘field” layer has Galluna vulgaris, Vaccinium, vitis- 
idaea and Arctostaphylos uva-ursi. The dry ridges of old dunes are covered with 
a continuous carpet of Cladonia and a thin herbaceous covering of Fesluca 
ovina, Antennaria dioica. and Anemone patens. The Galluna is especially 
characteristic of horizontal surfaces and decreases towards the north, where 
more hygrophilous plants like Pteridium aquilmum, Vaccinium vitis -idaea, 
Calamagrostis silvatica, etc., are co-dominant with it. 

Moist pine forest occurs on sandy podsolised soils, the trees being closer 
set, more slender, and of better growth. There is a certain admixture of spruce 
and the undergrowth is better developed. Three variations are to be noted, 
(a) On the richer (neutral) sandy soils there is a relatively rich herbaceous 
flora, with Pteridium, Rubus saxatilis, Maianthemum, Calamagrostis silvatica, 
etc., and the mosses mostly suppressed. (6) On acid soils, especially with 
temporarily excessive water, Vaccinium, myrtillus takes the place of the species 
mentioned, and in drier spots F. vitis-idaea. Besides the pine-forest mosses 
{Hypnum schreberi, Dicranum undulatum and Hylocomium proliferum). 
Polytrichum, commune. Sphagnum girgensohnii, S. recurvum, S, acutifolium, 
S, russovii and S. compactum appear, (c) Over considerable areas the pine- 
forest mosses become dominant, and higher vegetation disappears, probably 

^ The lichen carpet is very often, but apparently not always, developed on areas which have 
been burned over. 
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owing to increased humidity of the air due to the neighbourhood of swamps, 
etc., but in the absence of temporary inundations. 

In dry areas the forest was probably not originally continuous, but was 
interrupted by open spots covered with herbs and mosses which now occupy 
cleared and burned areas and meadows outside the valleys. 

2. Swamp and semi-swamp communities. 

These occupy fiat, badly drained watersheds, depressions and valleys, also 
the sites of springs on slopes. 

The oak or spruce woods of the loamy soils pass over, with increase of water 
content due to the topography, into Alneta with more or less rich underwood 
and herbaceous ground cover. The soil is black mud or strongly decomposed 
mineralised peat. Those which are not inundated very deeply or for long 
periods are marked by the dominance of Carex caespitosa and the presence of 
plants of wet meadows. Alneta wliich are inundated for long periods and 
mainly occur in river valleys have a marked swamp flora of Carex vesicaria, 
G. gracilis and C. pseudocyperus. Where there is much ground water con- 
taining mineral salts, as in some depressions and round springs, a Hypno- 
magnocaricetum is developed, with Carex diandra, C. rostrata, C. paradoxa, 
C. caespitosa y 6\ dioica, C. chordorrhizay Eriophoru^n latifolium, E. angusti- 
folium^ Calamagrostis neglecta, Liparis loeselii, Orchis militaris, Epipactis 
palustrisy Menyanthes trifoliatay Pedicularis palustris, Parnassia palustris, etc., 
and not infrequently Saxifraga hirculus. The mosses are Acrocladium cuspida- 
tum, Drepanocladus vernicosus, D. aduncuSy Camptothecium nitens, Meesia 
triquetra, Paludella squarrosa, Bryum nentricos'mny Helodium blandovii, etc. 
Of trees and shrubs, besides Alnus glulinosa, there are Salix cinereay S. livida, 
S. myrtilloideSy Be tula humilisy B. pubesceMS, Picea exoelsa and Alnus incana. 
But the trees, such as the alder and birch, grow well and form closed forest 
only on a thin peaty la 3 ^er or on peat which is at times dry and whose upper 
layers are strongly decomposed. 

Picea and Alnus incana bear witness to a better natural drainage. Where 
there is a thick layer of constantly wet peat which is saturated with acid water 
containing Fe ( 11003)2 preponderate over the higher vegetation, such 

plants as Carex diandra and Eriophorum angustifolium becoming sparse. 
Betula humilis is characteristic. 

With increasing moisture the Piceetum rayrtillosum becomes more open, 
and underwood of Rhamnus frangula and Salix cinerea preponderates. The 
thin peaty soil becomes covered with a continuous carpet of Sphagnum and 
other mosses, shaded by a thicker herbaceous cover of Carex lasiocarpa, 
Phragmites communis, Calamagrostis lanceolata, Gomarum palustre, Lyswnachia 
palustrisy Naumburgia thyrsifloray Calla palustris, etc. The trunks of trees 
grown over with moss bear forest species such as Vaccinium myrtillus, Dry- 
opteris spinulosa, etc. 


14—2 
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With iixcreasing moisture Pinetum passes gradually into Sphagnum moor. 
Finally a vegetation based on a dry and often thick layer of peat— Sphag- 
netum nanopinosum ” — is produced, fed by atmospheric water. This mainly 
occupies the higher lying areas and alternates with wide stretches of low-lying 
''Spbagnetum scheuchzeriosum.” 


V. FRINGING (“GALLERY”) AND “ISLAND” PINE WOODS IN THE 
GRASS-STEPPE ZONE. 

Pine forest pushes far to the south into the Grass-steppe zone with cher- 
nozem soil, where it occurs in restricted habitats of special character as sand 
forest and chalk forest. The sand pine forests are situated partly on exposures 
of the older Tertiary and other sands, but especially on the fluvio-glacial sandy 
deposits of river terraces lying above the river-side alluvial meadows. These 
sand terraces, exposed to strong winds, had at first the character of dunes, but 
were finally occupied by pine forest. Magnificent examples of such sandy 
pine forest are to be found in the neighbourhood of the town of Vordnezh and 
on the river Bityug near the village of Khrenovde. Certain parts of the 
Vordnezh woods are Pinetum cladinosum: all five species of moss characteristic 
of Pinetum hylocomiosum occur, but they form only small tufts here and there. 
The soil cover often consists simply of a litter of pine needles, twigs and cones, 
with a scanty herbaceous vegetation. On the margins, along tracks and in 
clearings characteristic sand steppe plants occur — among others Stipa joannis 
Czel. var, sabulosa Pacz. Swamps occur between the dunes, and are inhabited 
by species of Sphagnum and other northern peat moss forms. 

The Vordnezh and Khrenovde pine woods are very rich in northern forms, 
e.g. 


Ptbeidophytes. 
Botrycliium lunaria 
Dryopteris phogopteris 
Equisetum silvatioum 
Lycopodium annotinum 
L. cl a va turn 
L, complanatum 
Pteridium aquilinum 

Gymnosperms. 
Juniperua communis 
Pinus silvostiis 

Angiosperms. 
Calluna vulgaris 
Carex ericetorum 
(yhimaphila umbcllata 
Gymnadenia cucullata 
Maianthemum bifolium 
Monotropa bypopitys 
Pirola chlorantha 
P. minor 
P. rotundifolia 
P. secunda 


Angiosperms. 
Potentilla erocta 
Rubua saxatilis 
Trientalis europaea 
Vaccinium myrtillus 
V. vitis-idaea 
Veronica ofl&cinalis 

Mosses. 

Dicraniim undulatum 
Hylocoraium proliferura 
H. triquetrum 
Hypnum crista- castrensis 
H. schreberi 

Polytrichum juniperinum 
P. piliferum 

Lichens. 

Cetraria crispa 
Cladonia alpestris 
C. crispa 
C. rangiferina 
C. silvatica 
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Northern species of peat bogs and lakes (from Ramenski). 


Tbbes and Shrubs, 
Betula pubescens 
Salix lapponum 

Cypbeaceae. 
Carex chordorrhiza 
C. lasiocarpa 

C. limosa 

Eriophorum gracile 
E. vagina turn 

Other Angiosperms. 
Comarum palustre 
Drosera anglica 

D. rotundifolia 
Liparis loeselii 
Malaxis paludosa 
Menyantnes trifoliata 
Molinia caernlea 
Nuphar pumilum 


Other Angiosperms. 
Oxycoccus palustris 
Scheuchzeria palustris 
Utricularia intermedia 
U. minor 

Mosses. 

Aulacomnium palustre 
Camptothecium nitens 
Meesia triquetra 
l*olytrichum commune 
P. gracile 
P. strictum 
Sphagnum dusonii 
S. girgensohnii 
S. medium 
S. recurvum 
S. squarrosum 
S. Bubbicolor 
S. subsecundum 


These pine woods with Sphagnum bogs at one time penetrated much 
further to the south, but they have been destroyed by man. Thus I found on 
a terrace above the meadows liable to floods on the banks of the Medveditsa, 
near the village of Sheremet’evka, great areas now bare of trees and occu- 
pied by blowing sand, and little Sphagnum bogs in the depressions with a 
whole series of northern species. Considerably further south Sukachev found 
similar bogs under similar conditions on the river Archeda where it flows 
into the Don, and discovered in them pine pollen and wood, the pine being now 
absent from this region in the wild state. On the right bank of the Volga near 
the village of N. Bannovka, in the district of Kamyshin, I found in a deciduous 
wood ordinary associates of the pine, viz. Pirola chlorantha and P. secunda. 
The conditions (presence of stony soil, etc.) made the former presence of pine 
forest quite probable. Again Vilenski describes a deciduous wood east of the 
Volga, on the river Eruslan, with birch and aspen as the principal trees. This 
is the last forest island on the edge of the Caspian depression, and here also 
Pirola chlorantha occurs. 

The chalk pine forests occur in an elevated region on the right bank of the 
Volga, and also in the Govs. Voronezh, Kursk and Kharkov (PI. VII, Phot. 1 1). 
Northern associates of the pine, e.g. Pirola secunda, exist also in them, and 
certain rare plants which Litvinov regards as relicts of the Ice Age (see 
Section xiv, p. 226). 


VI. OAK FOREST 
{Dubrava, plur. Dubravy, PI. III). 

According to Morozov the oak is in Russia a species characteristic of the 
neighbourhood of the steppes. The oak region is a field of battle between forest 
and steppe, where under natural conditions the forest will obtain the upper 
hand. In accordance with this view the whole oak region of European Russia 
may be divided into three zones : 




cross two nver valleys with intervening plateau in the forest steppe region, showing the relation of topography and 
soil to the types of vegetation. For further explanation see text. 
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1. The belt of old forest steppe or of continuous oak forest where the 
struggle has been brought to a conclusion with the victory of the forest, and 
the loess (earlier steppe soil) is occupied by it. This forest zone is now split into 
fragments owing to the extensive destruction of the forest by man. 

2. The belt of the existing forest steppe where the oak is developed in 
island-like clumps, near the banks of rivers. 

3. The steppe belt, where forest is confined to ravines and does not extend 
to plateaux. 

1. Old foreM steji'pe. The ‘'Tula-zas6ki” and the forests on the Volga in 
Gov. Kazan are good examples. The former are part of the oak forests which 
at one time extended continuously through the Govs, of Kaluga, Tula, Tambov 
and Kazan. It was called ‘‘Zaseki” because it protected the arable land of 
the Russian peasants against the incursions of the steppe nomads. Trees were 
felled and built into an impenetrable wall to stop the advance of these invaders. 
It is noteworthy that Vysotski discovered relics of steppe chernozem in the 
podsolised forest soil of the Tiila-zaseki, together with bones of steppe rodents 
(probably Spalax micro phthalmMS Giild.) filled with the dark chernozem soil, 
and here and there unlcached calcium carbonate. 

The oak forest, like the spruce forest, occurs on clay soils, but the oak does 
not tolerate complete podsolisation and requires greater warmth than the 
spruce. It is true that the oak penetrates far to the north in the coniferous 
forest region, but there it reaches furthest in the river valleys where the soil 
is warmer and less podsolised, giving way to the spruce on the elevated clay 
soils (Morozov). 

2. Existing forest sleppe. In this zone the forests penetrate far to the south 
along the river valleys forming “gallery woods” along the high and steep river 
banks. The accompanying diagram (Fig. 1), from TanfiFev and Morozov is 
applicable to a very large part of the stepjje region between the rivers 
Dnieper and Volga. It will be seen that the left bank of the river (left of 
the diagram) is higher and steeper. The subsoil is clayey (loess-like and 
moraine clay), but here and there (not shown in the diagram) are abundant 
chalk outcrops. The right bank of the river passes into a raised terrace of 
fluvio-glacial sand. This sand, which was exposed to wind action and assumed 
the character of dune, was later occupied by pine forest. 

The oak forest occupies the higher and drier portions of the right bank 
with well grown trees, and also the steep left bank, passing some distance on 
to the plateau beyond. The characteristic changes of the soils are also shown 
in the figure. Above, on the plateau, which the oak forest did not reach so early, 
the chernozem soil still exists, though it is degraded ; passing thence into the 
river valley one meets first dark grey forest soil, and then light grey podsolised 
forest soil. In swampy places alder forest occurs. Further from the river, 
where sand begins to give place to clay, there is a peculiar mixed forest with 
an upper storey of pine and a lower storey of oak. Here and there, in the angle 



212 Vegetation of the Plains of European Russia 

enclosed by the confluence of two considerable rivers and where the courses 
of the two rivers approach one another, the oak forest occupies extensive 
areas of the plateau. Such are the upland oak forests, of which the famous 
Tellermann’s and Shipov’s woods (Gov. Voronezh), used by Peter the Great 
for the building of ships for the Sea of Azov, are examples. 

The communities of these upland oak forests have a complicated structure, 
in correspondence with the soil changes, as shown in Tables I and II. 


Table I. Number of stems (about 80 years old) per hectare in 
Shipov's wood, in relation to different soils (Stepanov). 


Soil type 

Quercus 

pedunculata 

Fraxinus 

excelsior 

Tilia 

cordata 

Acer 

platanoides 

Ulmus 

spp. 

Cheraozeni 

318 

250 

52 

204 

24 

Forest clay soil 

444 

152 

56 

193 

12 

Solonets-like soil 

1023 

90 

nil 

nil 

nil 

Solon(5t8 

1440 

nil 

nil 

nil 

nil 


Table II . Composition of oah forest on various soils (district of Bobrov, 
Gov. of Voronezh, after Gumann). Number of stems per hectare. 
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96 

29-5 

77-9 

160 

72 

216 

80 

148 

nil 

nil 

36 

40 

nil 

592 

16*3 

15-6 

60 

nil 

nil 

20 

16 

nil 

nil 

8 

4 

nil 

48 

8-5 

— 

30 

162 

504 

522 

66 

nil 

nil 

20 

46 

nil 

1320 

11-2 

13-7 

60 

6 

144 

474 

132 

nil 

nil 

12 

24 

30 

822 

— 

— 

— 

836 

968 

40 

nil 

56 

48 

nU 

88 

nil 

2036 

90 

8-9 

60 


g 

<x> 

Soil type j 

Dark grey forest soil* 1 

3 

Solonets-like soil 1 

2 

Solon^ts 

* Besides the three layers of tree canopy there are two lower storeys of vegetation : underwood 
and herb-layer. 


We may conclude from these tables, that the forest developed on the most 
favourable soil has the most complex structure and the best grown trees, and 
that on the least favourable soil (solon^ts) the trees are much more numerous 
in individuals and there is no one species dominant. The soil is occupied with 
difficulty and only as it is gradually changed. The trees are badly grown, much 
smaller in height and diameter, and the canopy is not differentiated into 
layers. 

The following characteristics of these ilpland oak woods may be cited. 

(1) Since the oak unfolds its leaves very late the lower storeys of the forest 
are well illuminated up to late in the spring, and consequently there is an 
abundant development of early flowering woodland herbs which give the 
forest the appearance of a flower garden (PI. Ill, Phot. 4). 
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(2) In the summer there are few flowers and the herbaceous layer has the 
character of shade vegetation with leaf mosaics, etc. 

(3) There is no continuous moss layer owing to the masses of fallen leaves 
and the relatively thick herb layer. Mosses are confined to the lower portions 
of the tree trunks and to steep bare places on the edges of ravines, etc. 

(4) Myrmecochory is strongly developed among the herbs. 

While the coniferous forests show a combination of tree growth with moss 
and lichen tundra, the deciduous forests show a similar combination with 
herbaceous communities. The steppe is dominated by herbs and though the 
herb communities of the forest differ both fioristically and ecologically from 
those of the steppe the steppe vegetation is in evidence in forest clearings, 
along tracks and wherever the tree canopy is not too close. 

3. Ravine forest. This is practically confined to the bottoms and sides of 
ravines which intersect the plateaux. Besides the plants of the upland oak 
forest of which a list is given on p. 214 the following occur, especially in the 
damp ravines : 

Athyrium filix-foemina Actaea spicata 

Cystopteris fragilis (Teranium robertianurn 

Lryopteris filix-mas Paris quadrifolia 

I), spiriuiosa 

Towards the south-east the oak penetrates a little even into the semi- 
desert zone, but here it is strictly confined to deep ravines with abundant 
freshwater springs, as on the Ergeni hills not far from Sarepta, which formed 
the old margin of the Caspian Sea. Here the oak is accompanied by very few 
representatives of the characteristic shade flora. 

The oak in Russia is the representative of the central European deciduous 
forest, and correspondingly it grows best, according to Morozov, in the south- 
west and in Poles’e. In the east it suffers much from spring frosts. It has 
here a race which flowers and unfolds its leaves 2 to 3 weeks later in spring. 
Perhaps this can penetrate further east than the ordinary form. Near its 
northern and eastern limits the oak gradually loses its typical associates, so 
that the structure of the forest is modified. Thus in Gov. Voronezh ash is 
freely mixed with oak, but further east the ash soon disappears. 

According to topographic and edaphic conditions the oak forest may be 
divided into several types. Thus in each of the three regions, (a) west of the 
Dnieper, (b) central region, (c) east of the Volga, Vysotski divides it into 
the following types : 

(1) The dry side towards the steppe. 

(2) Massive central oak forest. 

(3) The moist side (relict oak forest where it gives way to the spruce). 
Further details cannot be given here. 
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List of oah forest species from observations in Gov. Voronezh (PI. Ill, Phot. 3 . 


Acer campestre 
A. platanoides 
A. tataricum 
Cornus sanguinea 
Corylus avellana 
Crataegus moiiogyna 
Euonymus europaeus 


Woody plants. 

E. verrucosus 
Fraxinus excelsior 
Lonicera xylosteurn 
I’irus communis 
P. maluH 

Quercus peduncijlata 


Rhamnus catharticus 
Tilia cordata 

IJlmus nitens Moencli (U. 
glabra Mill.) 

U. glabra Huds. (U. scabra 
Mill-, U. montana Stokes) 


Spring FLOWEiiiNo eph km krals. 

Adoxa moschatellina Oorydalis solida Gagea lutoa 

Anemone ranunculoidcs Dentaria quinquefolia I^athraea squamaria 

Corydalis marschalliana Ficaria verna Soilla sibirica 


Grasses and Sedges. 


Agropyrum caninum 
.Bracnypodium silvaticum 
liromus asper 
Carcx digitata 


Carex michelii 
C. pediformis 
C. pilosa 
Melica nutans 


Milium effusum 
Poa no m oralis 


Aegopodium podagraria 
Asa rum europaoum 
Aspenda odorata 
Astragalus glycyphyllos 
Campanula trachelium 
Crepis sibirica 
Galium cruciata 


Other herbaceous plants. 

Neottia nidus-avis Stachys silvatica 

Orobus niger Stellaria holostt^a 

O. vernus Viola birta 

l^olygonatum multiflonim V. mirabilis 
Pulmonaria officinalis V. odorata 

Scrophularia nodosa V. silvatica 


On the edge of the oak forest towards the steppe there is a fringe of trees 
and shrubs which tolerate dryness : 

Acer tataricum Pirus communis Rhamnus catharticus 

Crataegus monogyna P. raalus Ulrnus nitens Moench (IT. 

glabra Mill.) 


and of characteristic steppe shrubs: 

Amygdalus nana Cytisus austriacus Prunus fruticosa 

Caragana frutox C. ruthenicus P. spinosa 

Spiraea crenifolia 


These trees and shrubs often also form independent communities of a 
peculiar dwarf wood or scrub, which is the first pioneer of woody vegetation 
on the steppe (and sometimes called “Bush steppe On the drier and more 
exposed places this scrub consists mainly of Amygdalus nana and Caragana 
frutex, and transitions may be observed to the taller scrub of Prunus spinosa 
and P. fruticosa and to the edge of the steppe woodland. The larger shrubs 
form veritable “gardens,” many hectares in extent, and are exploited by the 
inhabitants in Govs. Tambov and Saratov. Associated with them are tall 
herbs, grasses and dicotyledons, the latter decorating such places with 
numerous flowers. Among these are; 

Agropyrum glaucum Lavatera thuringiaca Origanum vulgare 

.Bromus inermis Libanotia montana Veronica teuciium 

Chry8ant'i.. mum corymbosum Nepeta nuda 

and many others. 
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On the Ergeni the oak is already rare, but in valleys and depressions of 
the slopes little woods still occur with Vlmus nitens Moench {U, glabra Mill.) 
predominant and many of the shrubs and tall herbs mentioned above. Where 
the depressions are shallow these little woods peter out, and often pass over 
into societies of Spiraea hypericifolia, which give way, where the depressions 
are shallower still, to the regular herbaceous vegetation of the steppe. On the 
east of the lower Volga the oak is rare in the last islands of woodland and is 
confined to strongly leached clay soils, but the communities of dwarf wood 
penetrate far into the semi-desert, and here Spiraea hypericifolia is character- 
istic and widely distributed. 

VII. GRASS STEPRPI SEMI-DESERT— IIESERT. 

As one passes to the south, and especially to the south-east, the climate 
becomes drier and the summers hotter, and there is a gradual transition from 
grass steppe with its fertile ‘‘black earth” soil (chernozem) to the desert of 
Turkestan with “grey earth” (serozem) soil. The changes of the chief kinds 
of vegetation as we pass through the various soil-type zones are as follows. 

The oak woods which are present on the northern chernozem soils dis- 
appear on the leached chernozem of the northern grass steppe region. Peren- 
nial and biennial dicotyledons, on the other hand, become abundant on the 
leached chernozem, decrease on the deep-soiled and middle chernozem types 
and rise again on the southern chernozem, to reach a secondary maximum on 
the chestnut soils of the semi-desert. With drier conditions still they decrease 
on the burozem (brown earth) soils and are absent in (die true desert (serozem) 
soil. Inversely the tussock steppe grasses, especially Stijja and Festuca 
sulcata, increase from the leached to the middle chernozem and decrease again 
on the southern chernozem and chestnut soils. Like the dicotyledons they do 
not reach beyond the burozem soils. The xerophilous undershrubs with whitish 
felted leaves first appear on the southern chernozem and increase steadily to 
the burozem soils; they are still represented in the desert. The spring ephe- 
merals exist in small numbers on all the chernozem soils and rise pro- 
portionally through the semi-desert to the desert soils. Finally the lower 
cryptogamic plants of the soil surface are but slightly represented on the 
chernozem soils, rise to a maximum on those of the semi-desert and fall again 
in the true desert. 

In the course of this series the leaching of the soil in general diminishes 
from the more northern chernozem to the serozem. In the deep-soiled cherno- 
zem 10 per cent. HCl effervesces only at a considerable depth, e.g. of more than 
a metre, but in the serozem as a rule on the surface. According to Tumin the 
central region of deep-soiled chernozem presents the most favourable conditions 
for the accumulation of humus, because on the one hand the soil is not so 
strongly leached as to impoverish it seriously in valuable nutritive material 
and on the other hand the effect of drought is not too severe. But nowhere in 
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the series is there any accumulation at the surface of easily soluble sodium 
salts (NaCl and Na2804). In the light chestnut and brown earth soils it is 
true that there is considerable accumulation of sodium sulphate, but this only 
begins at a depth of about 1*6 m. The following table shows some of the char- 
acters of these soil types : 


Humus in surface 
layer 

General depth of 
humus horizon 

Bemnning of 
effervescence 
horizon 

Total content of 
mineral salts 
soluble in water 
expressed as per 
cent, of dry soil 

Cl down to 1-5 m. 

SO 3 down to 1*5 m. 



Viri. MEADOW STEPPE IN THE SUBZONE OF DEEP-SOILED 
chernozem (Plate IV). 

At the height of its development at the end of May and the beginning of 
June the closed vegetation has the appearance of a flowering meadow. For 
instance, in the district of Voronezh on the 11th of June, 1915, such a steppe 
showed innumerable bluish-lilac flowers of Campanula simplex, white heads of 
Trifolium montanum and fragrant cream coloured inflorescences of Filipendula 
hexapetala, with many other bright conspicuous blossoms. Bromus erectus was 
present in great masses with many inflorescences. But the basis of the vegeta- 
tion was made up of the sod-forming steppe grasses FeMuca sulcata and 
Koeleria gracilis. Stipa joannis, S. stenophylla and S. capillata were also 
present, but they were more or less scattered and did not suppress other species. 
The steppes described by Sprygixi in Gov. Penza, also on deep-soiled chernozem, 
have a similar character. Besides the dicotyledonous herbs mentioned above, 
Galium verum and Hypochaeris maculata may be added as well as other species 
which appear where the soil is moister, e.g. Chrysanthemum leueanthemum. 
Polygonum bistorta and Sanguisorba officinalis (Phot. 6). This type of steppe 
may be briefly characterised as follows. 

1. The turf -forming grasses form the basis but do not suppress numerous 
dicotyledonous herbs, which mostly form basal rosettes, but also raise assimi- 
lating leaves relatively high above the soil surface. The dominance of the sod- 
forming grasses in the northern variants is, according to Tumin, to be 
related to the relatively low fertility of the soil, and both the sod-forming 
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I'hot. T. I’npov 

I’liot. 5. McmcIow stt'])pe on the slojK'ofa stc‘])))e valley in the neiL;hl)0urh()O(l t)! Oak l^'orebt. 
Sfipii joamiis^ Ddcfylis i^ioiHi’nita., I'ili f^cndit/a Iic.vafu'tnld^ Chrysiintlu'inu m Itiuan/hciiuifn, 


Oo\ . \"or(')n(?/:li, District of Usman. 



Phot. B. KcJkt' 

l‘hot. 6. Meadow steppe (mowing meadow ) with Stipa joannis dontinant, forming j)art of 
a vegetation complex witli Alder thicket. Steppe zone, ik>x. X’ordnezh. 


KELLER — Vegetation of the Plains of European Russia. 
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Phot. 7. 1 iissock {Siipd sirnophylla) ,slci>[)t; on the slope of n slc])])e \ allcy. 
('.ov^ X’oronezli, District of Novokh()i)crsk. 



IMiot. 8. Stipd Icssinyyiana steppe, (iov. V’oronezli, District of Valuyki. 

KELLER — Vegetation of the Plains of European Russia. 
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habit and the basal rosettes of the dicotyledons may also be correlated with 
the cutting of hay which is the rule in steppes of this type. 

2. Spring ephemerals play but an insignificant part below the carpet of 
perennial herbs. 

3. Lower plants, such as mosses, are conspicuous only in the northern 
variants of this vegetation. 

The regular mowing of this type of steppe cannot fail to exercise an 
influence on the vegetation, but little has yet been done towards the solution 
of this problem. It is highly probable that species of Stipa and especially 
S, stenophylla were originally more widely distributed on these steppes, 
particularly on their southern portions, and that they approximated to the 
types of Stipa steppe. The cutting of hay would without doubt hinder the 
reproduction of this species from seed, since it ripens its fruits later than 
the ordinary time of hay harvest. 

IX. STIPA TUSSOCK STEPPES (Plate V). 

The deep-soiled chernozem region and its vegetation passes over gradually 
towards the south and south-east into the ordinary or middle chernozem 
region, and the meadow steppe also passes over into steppe characterised 
by the larger Stipa tussocks. It is not however by any means certain 
that this soil transition corresponds exactly with that of the vegetation. 
S, stenophylla and S, capillata are dominant on the Stipa tussock steppe, 
and the smaller turf-forming grasses such as Festuca sulcata and Koeleria 
gracilis, though widely distributed, play a subordinate part (Phot. 7). The Stipa 
roots branch profusely in the upper layer of soil and use most of the avail- 
able water, thus restricting the dicotyledonous herbs, which, while common 
enough, are only scattered and do not form the gay flower garden of 
the meadow steppe. Such deep-rooting species as Medicago falcata however 
hold their own well with the Stipas, tapping a deeper layer of soil and remaining 
green and fresh late in the summer when the grasses are more or less burnt up 
(Gordydgin). The lower plants are not much in evidence (Tortula ruralis and 
Nostoc commune appear in consequence of cattle grazing) and the spring 
ephemerals, such as Hyacinthus leucophaeus and Poa bulbosa var. vivipara, 
have but a minor importance. 

These Stipa steppes are ordinarily used for cattle grazing and it is not clear 
how far this use has an effect on their constitution. Nor is it clear from the 
literature whether Stipa stenophylla is most widely distributed on the ordinary 
or on the deep-soiled chernozem. 

Small tufted Stipa steppes. Here again the Stipa tussocks gradually lose 
their dominance, but not as in the meadow steppes owing to increase of 
moisture, rather indeed because of increased dryness. Stipa Ursa and jS. lessin- 
giana with small tussocks are the species here and Festicca sulcata again acquires 
more importance (Phot. 8). Dicotyledonous herbs have room for their root 



21 8 Vegetation of the Plains of European Russia 

development but their leaves are borne closer to the soil surface. So we 
gradually pass from the grass steppe to the semi-desert vegetation. 

X. SEMI-DESERT VEGETATION (Plate VI). 

This type of vegetation has the following characteristics. 

1. The low growing sparse vegetation only covers one-third to one-half 
of the soil surface — bare soil is seen everywhere between the plants. 

2. Steppe tussock grasses still occur but they are very scattered. The 
small tufted Festuca sulcata var. vallesiaca is dominant while Stijpa lessingiana 
and S. eapillata occur only as an insignificant admixture. Dwarf xerophytic 
under-shrubs with white hairy leaves play an important role, especially various 
forms of Artemisia maritima and also Kochia prostrata (Phot. 9). Among di- 
cotyledonous herbs Pyreihrum achillaeifolium with leaves pressed close to 
the ground is important in the northern part of the semi-desert. Spring 
ephemerals and the lower plants have plenty of space for development and 
play a considerable part in the vegetation. 

Further towards the desert the steppe grasses gradually disappear and the 
xerophytic under-shrubs acquire a correspondingly greater importance, and 
finally remain, with the ephemerals and the lower plants, as the typical desert 
vegetation (Phot. 10). 

The above descriptions relate to uniform clayey soils and to those places 
where there is neither strong run off nor abundant accumulation of precipita- 
tion. There are many considerable variations due to local climate and topo- 
graphy, for instance the steppes in the neighbourhood of the Black Sea are 
very different in character from those of Samara. 

The semi-desert and desert vegetation is especially under the influence of 
physico-chemical factors to which it reacts sharply. The deserts of Turkestan 
and the neighbouring mountains are, as has been said, a manufactory of species 
and types of xeromorphy and halomorphy. This region is a world of strong 
individualism in which plant communities are often difficult to recognise. 


XI. LISTS OF FLORA OF STEPPE, SEMI-DESERT AND DESERT. 

Flora of steppe on deep-soiled chernozem. District and Gov. Voronezh. 
Two sample areas, each of 100 square metres. June 10-13^A, 1926. 


Ft'stnr.a wulcala 
Kock'ria j^racilis 
Stipa Htenopliylla 
S. joaiuuB 
Bromus rectus 
Poa praUuiHis var. an- 
gustifolia 
Pbleuin boehmeri 
Agroatis canina 


Gkasses and Sedges. 


Area 1 

Area 2 


Area 1 

Area \ 

cop. 

cop. 

Avena schclliana 

sp.-sol. 

sp.-Hol. 

cop. 2 

cop. 2 

A. pubeaccns 

sol. 

sol. 

sp. 

sol. 

Hierochloe odorata 

cum. 



ftol. 

sp. 

Bromus inermis 

— 

sp. 

cop. 

cop. 

Agropymm glaucura 

— 

sol. 



Carex praeoox 

cop. 2 

ap. 

cop. 

cop. 

C. supina 

sp. 

sp. 

cop. 3 

cop. 3 

C. caryophyllea 

sp.-sol. 

sp.-sol. 

sp. 

sp. 
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Steppe shrubs. 


Cytisus ruthonicua 

sol. 

sp.-sol. 

Genista tinctoria 

— 

sol. 


Herbs (nearly all Dicotyledons). 




Area a 

Area 6 


Area a 

Area b 

Draba repena 

cop. 

cop. 

Silene otites 

sol. 

sol. 

Thymus marachalUanus 

cop. 

cop. 

Stachys recta 

sol. 

sol. 

Filipendula hexapetala 

cop. 

cop. 2 

Stellaria graminea 

sol. 

sol. 

Taraxacum vulgare Schk. 

cop. 

cop. 3 

Taraxacum serotirium 

sol. 

sol. 

Potentilla opaciformis 

cop. 2 

cop. 2 

Thalictrum simplex 

sol. 

sol. 

Achillea setacea 

cop. 3 

cop. 2 

Tragopogon brevirostris 

sol. 

sol. 

Campanula simplex 

cop. 3 

cop. 3 

Trifolium alpestre 

sol. 

sol. 

Euphorbia gracilis 

cop. 3 

cop. 3 

T. pratense 

sol. 

sol. 

Plantago media var. 

cop. 3 

cop. 3 

T. ropens 

sol. 

sol. 

d’Urvilleana 



Trinia henningii 

sol. 

sol. 

Trifolium montanum 

cop. 3 

cop. 3 

Vorbascum phoeniceum 

sol. 

sol. 

Galium verura 

sp. 

cop. 2 

Veronica spicata 

sol. 

sol. 

Arenaria graminifolia 

cop. 2 

sol. 

Anemone silvestris 

sol. 

— 

Kragaria viridis 

cop. 3 

sp. 

Scorzonera purpurea 

sol. 

sol. 

Veronica prostrata 

COTJ. 3 

sp. 

Senecio jacobaea 

un. 

sol. 

V. austriaca 

sp. 

sp. 

Artemisia latifolia 

sol. 

— 

Adonis volgensis 

cop. 3 

sol. 

Aster arnellus 

sol. 

— 

Knautia arvensis 

sp.-sol. 

sp. 

Betonica officinalis 

sol. 

— 

Polygala vulgaris 

sp.-sol. 

sj.. 

Carduus hamulosus 

sol. 

— 

Salvia dumetorum 

sp.-sol. 

sp. 

Centaurea seabiosa 

sol. 

— 

Thalictrum minus var. 

sol. 

sp* 

Hioracium eymosum 

sol. 

— 

nanum 



H. pilosella 

sol. 

— 

Asperula tinctoria 

sp. 

— 

Inula hirta 

sol. 

— 

Kuincx haplorrhizus 

sp. 

— 

Linaria biebersteini 

sol. 

— 

Euphorbia sareptana 

sp.-sol. 

sol. 

Medieago lupiilina 

sol. 

— 

Ranunculus poly- 

sji.-sol. 

sol. 

Myosotis ailvatica 

sol. 


antliemos 



Orobus canescens 

sol. 

— 

Senecio campcstcr 

sp.-sol. 

sol. 

Scutellaria hastifolia 

sol. 

, — 

Viola ambigua 

sp.-sol. 

sol. 

Theaium ebracteatum 

sol. 

— 

Ajuga gencvensis 

sol. -cum. 

sp.-sol. 

Verbascum orientalo 

sol. 

— 

Salvia nutans 

sp.-sol. 

— 

Veronica chamaedrys 

sol. 

— 

Anemone patens 

sol.-greg. 

sol. 

Viola pumila 

sol. 



Iris furcata 

sol. -grog. 

sol. 

Astragalus danious 

— 

sol 

Achillea nobilis 

sol. 

sol. 

Campanula bonoriieiisis 

— 

sol. 

Campanula sibirica 

sol. 

sol. 

Convolvulus arvensis 

— 

sol. 

Euphorbia procera 

sol. 

sol. 

Coronilla varia 

— 

sol. 

Ealcaria livini 

sol. 

sol. 

Lathyrus prateiisis 

— 

sol. 

Galium boreale 

sol. 

sol. 

( Inobrye.his vieiaefolia 

, — 

sol. 

Jurinea mollis 

sol. 

sol. 

Orobus paniionieus 

— 

sol. 

Medieago faleata 

sol. 

sol. 

Seseli annuum 

— 

sol. 

Nonnea pul la 

sol. 

sol. 

Silene ohlorantha 

— . 

sol . 

Pedicu laris comosa 

sol. 

sol. 

S. viscosa 

— 

sol. 

Phlomis tuberosa 

sol. 

sol. 

Valeriana dubia 

— 

sol. 

Picris hioraeioidcs 

sol. 

sol. 

Crepis tec torn m 

un. 

un. 

Potentilla argentea 

sol. 

sol. 






Spring eph em erals. 




Area a 

Area b 


Area a 

Area b 

Androsacc septentrio- 

sol. 

sol. 

Poa bulbosa var. vivipara 

little 

little 

nalis 



Veronica verna sens. lal. 

little 

— . 

Hyacinthus leucophaeus 

cop. 3 

— 





Late species 

(after mowing). 




Art^a a 

Area b 


Area a 

Area b 

Euphrasia tatarica 

sp.-sol. 

sol. 

Odontites serotina 

sol. 

sol. 



Lower cryptogams. 




Area a 

Area b 


Area a 

Area b 

Cladonia pyxidata 


+ 

Thuidium abietinum 

+ 

+ 

Nostoc commune 



Tortula ruralis 

+ 
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Besides the above the following were found in the same steppe outside the 
two areas: 


Adoni8 vernalis 

Arenaria longifolia 

Artemisia armeniaca 

A. pontica 

Asparagus officinalis 

Aster villosus 

Calamagros ti s cpigeios 

C' hry san th em u m cory m bosu m 

C. Jeiicanthenuim 

Clematis ink^grifolia 

Delphinium rossiciim 


Dianthus campestris 
Dracocephalum ruyschiana 
Echium rubrum 
Gentiana cruciata 
Geranium sanguineum 
Helichrysum arenarium 
Hieracium virosum 
Hypericum elegans 
Hypochaerifl maculata 
Lavatera thuringiaca 
Linum nervosum 


Oxytropis pilosa 
Ranunculus illyricus 
Sedum maximum 
Senecio macrophyllus 
Serratula heterophylla 
S. radiata 

Sisymbrium junceum 
Stipa capillata 
Veronica incana 
Vicia cracca 
etc. 


Flora of Avena desertorum meadow steppe. District of KuznHzsh^ Gov, 
Saratov, 460 sq, met, August 1th, 1905. 

Grasses. 

Avena desertonim cop.-soc. Phleum boehmeri cop. 2 

Fostuca sulcata cop. 2-3 Avena schelliana sp. 

Stipa dasyphylla cop. 3 Bromus erectus sol. 

S. joannis cop. 3 Calamagrostis epigeios sol. 

S. stenophylla sp. Hierochloe odorata sol. 

Koeleria gracilis sp. 


Steppe sukubs. 

Cytisus ruthenicus sp.-sol. Genista tinctoria one 

Araygdalus nana grcg. in one place 

Herbs (almost all Dicotyledons). 


Anemone patens cop. 2 
Artemisia sericea cop. 2 
Filipendula hexapotala cop. 2 
Trifoliurn raontanum cop. 2 
Achillea setacea cop. 2-3 
Inula hirta cop. 2 3 
Veronica spicata cop. 2-3 
Hieracium ochioides cop. 3 
Thymus marschallianus cop. 3 
Trifolium alpestre cop. 3 
(Jaliurn verum cop. 3-sp. 

Iris furcata cop. .l-sp. 

Artemisia campestris sp. 
lV)tentilla cinerea sp. 

Scorzonera purpurea sp. 

.lurinea cyanoides sp.-sol. 
C^entaurea marschalliana sol.-greg. 
Adonis vernalis sol. 

Antt'rinaria dioica sol. 

Aster amellus sol. 

Oentaurea scabiosa sol. 
C'hryflaiithemum corymbosum sol. 
DracocH^phalutn ruyschiana sol. 
Echium rubrum sol. 

Falcaria riviiii sol. 

Geranium sanguineum sol. 
Hieracium umbellatum sol. 


Knautia arvensis sol. 

Linum fiavum sol. 

Medicago falcata sol. 

IMmpinolla saxifraga sol. 

Salvia dumetorum sol. 

Sedum maximum sol. 

Artemisia armeniaca one 

Silene chlorantha 

Trinia henningii 

Androsace septentrionalis 

Arenaria graminifolia 

Asperula tinctoria 

Aster linosyris 

Campanula sibirica 

C. simplex 

Euphorbia gracilis 

Hypochoeris maculata 

Fragaria viridis 

Ph lorn is tuberosa 

Plantago media var. d’Urvilleana 

Potentilla opaciformis 

Poly gala vulgaris 

Scorzoiiera hispanica 

Stachys recta 

Veronica chamaedrys^ 

Vicia cracca^ 

Vincetoxicum officinale 


Moss. Thuidium abietinum, fairly abundant 
^ With Amygdalus nana. 
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Flora of semi-desert at Krasnoarmeysk (Sarepta). 


Steppe -GRASSES. 

Festuca sulcata var, valcsiaca cop. 

Stipa capillata sol. 

S. lossingiana sol. 

Kocloria gracilis sol. 

Pyrethrum achillcifolium cop. 

Semi-desert dwarf uedersiiritbs. 
Artemisia maritima var. incana B. Kell. 
Kochia prostrata sp.-sol. 

Summer and autumn annuals. 
Bassia scdoides cop.-sp. 

C(‘ratocarpus arcuarius sp. 

Polygonum bellardi sp. 

Salsola tamariscina sol. 

Spring ephemerals (ow. the wJmIc abundant) 
Alyssum dcsertorum 
('arcx stcnophylla 
Draba vcrna 

Poa bulbosa var. vivipara 
Ranunculus polyrrhizos 
Fill ipe bieberskdni ana 
Veronica vcrna sens. lal. 


Remaining flowering plants. 
Artemisia austriaca sp. 

Achillea leptophylla sol. 

Agropyrum cristatum sol. 

Aster villosus sol. 

Krysimum versicolor sol. 

Statice sareptana sol. 

Lower cryptogams on ’J'u e soil. 
Nostoc commune abundant 
Microcoleus vaginatus v. abundant 
Scytonema ocellatum v. abundant 

More or less abundant. 
Acarospora scbleiclicri 
Cetraria skppac (C. aculeata) 

Cladonia foliacea 

Dijiloschistcs scruposus var. terrestris J’ers. 
Riccia intumescens 
R. Horocarpa 
Ceratodon pu rpureus 
Pterygoneu ru m cavifolium 
P. subsessile 
Tortula ruralis 


cop. -sp. 


Flora of the desert. Turkestan "‘^Hunger steppe^^^ Spry gin and Popov. 

29th April, 1911. 


Summer and autumn annuai.s. 
Tlalocliaris hispida^ sol.-sp. 
Girgensohnia opjiositifolia un. 

Spri ng ephem ekals. 

Carex stcnophylla cop.-soc. 

Poa l)iilboaa var. vivipara cop.-soc. 
Ranunculus severtaovi cop. 

Gagca reticulata sp. 


Veronica biloba sol. 

Ziziphora tenuior sol. 

Lcptalium ficifolium un. 

Low e r cry ptog am s. 

Collerna sp. 

Psora decipiens sj). 

Thallocdcma coeruloo-nigricans sp. 


On non-salty soils, dries in spring without llowering. 


XII. VEGETATION OF THE SOLONIilTS AND SOLONCTIAK SOILS. 

In dry climates the paucity of precipitation decreases leaching and gives 
the conditions for the accumulation of easily soluble salts which are injurious 
to ordinary plants. Russian pedologists distinguish two main types of such 
soils — solonets and solonchdk. 

Solonets soils. At a depth of about 10-15 cm. below the light eluvial 
horizon there is an extremely close textured illuvial layer which in dry weather 
splits into vertical columns. In moist weather this layer easily becomes wet 
and relatively impenetrable to water. The surface eluvial horizon is sometimes 
thin, forming a mere crust above the columnar layer (‘'crustose columnar’' 
solonets in contrast with the “deep columnar” type). The depth at which the 
columnar layer is formed and the variants of its structure depend on the 
original conditions of soil formation. 

Journ. of Ecology XV 15 
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Flora of the Solonets soils in the Forest Steppe and Steppe Regions. 


District of Kuznetsk, 
Gov. Saratov, Manaur- 
kino, 22. 7. 04. 

Deep-soiled solonets 


District of Bobr6v, Gov. Voronezh, 

Tojda, 31. 7. 22. 

^ , 

Crustose -columnar 

Deep-soiled solonets solonets 


Steppe-grasses Festuca sulcata var, 
valesiaca cop. 

Koeleria gracilis sp. 
Stipa capillata 2-3 

Semi-desert dwarf *Artemisia maritima var. 
undershrubs stepposa B. Kel!. cop. 

*Kocnia prostrata sp. 

Herbs, etc. 

*Statiee gmelini sp.-sol. 
Aster villosus sp.-sol. 
*Silaus besseri sp.-.sol. 
Artemisia pontica 
sol.-greg. 

Achille<a nobilis sol. 

A. setacea sol. 

Allium paniculatum 


Potentilla argentea sol. 
Sedum maximum sol. 
Veronica spicata sol. 
Artemisia armeniaen un. 
A. austriaca very little 


Succulent salt- 
steppe species 

Summer and au- Polygonum bellardi cop. 
tumn annuals 

Gy ps o p h i 1 a mu r al i s 

cop. 2-3 
Clienopodium album sol. 
Filago arvensis sol. 

Alga on the soil Nostoc commuru^ 


F. sulcata var. valesiaca 
cop.-soc. 

K. delavignei sol. 

Poa pratensis var. 
angustifolia sol. 

*A. maritima var. 
stepjiosa sol. 

Carex praecox cop. 2 
*S. gmelini cop. 2 3 
A. linosyris un. 


A. nobilis un. 

A. setacea sol. 

Inula britannica sol. 
Lotus comiculatus sol. 
J\ argentea un. 

S. maximum un. 


Odontites serotina un. 
♦Peucedanu m latifoliu m 
un. 

*Atriplex litorale sol. 

* Aster tripolium un. 
*JMantago maritima sol. 


*A. maritima var. 
stepposa cop. -sol. 

♦Atropis convoluta cop. 
*S. gmelini cop. 


*A. litorale cop. 2 
*A. tripolium sp. 

*P. maritima sol. 

Polygonum avieulare 
forma, cop. 2 


Nostoc commune cop. 


* Indicates species specially characteristic of saline soils in the stepjDe region. 


The deposit of salts in these soils begins at a certain depth below the 
columnar layer, and in the “crustose-columnar ” soils, other things equal, 
nearer the surface. It is noteworthy that these soils maintain their general 
plan of structure over the great geographical area of grass steppe and semi- 
desert. This constant type of structure is characterised by the presence of 
NugCOg and by the washing out of colloids from the surface layer and their 
accumulation in the columnar layer. In the light chestnut and “brown earth” 
soils, also, this soda type of soil formation is found, though in less marked 
form, a somewhat close grained and darker coloured layer, corresponding with 
the columnar layer, occurring at a certain depth. But in the desert zone there 
are no solonets soils, and the solonchak soils reach their greatest development. 
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Life-forms and behaviour of species on crustose-columnar solonets of the 
semi-desert. Krasnoarmeysk (Sarepta). 


SperiEs arranged in 
life-for7n classes 


A verage Assimilatinff parts 

frequcMcy during the summer 


Eoat behaviour in re 
lation to saline soil 


Dwakf undeushhub with 

EPHEMERAL LEAVES 



Artemisia paucillora 

1 ) W AR K U N 1 ) ERSllRl 1 BS 

cop. 

Mostly abundant 


j iloots penotiate to the 
\ (lee|K‘i‘ lying saline 
( layers of soil 


('aniphoroHma monspoliaeiini eo]>.-eop. 2 Maintained 
Koeliia prostrata sol. 


8rMMKR AND AUTUMN 
ANNUALS 

Bassia sedoides 
1*( )lygoimir. bi'llardi 
Salsola taniariscina 


sp, 

sol. 

sol. 


S P it I N ( i H: ] • U hJ M I0T{ A US 
Alyssuni desertonun 
Cv l a to( M • f )1 1 a 1 u s < > r't li ( letM’as 
( V>lp(Kliuin huinile 
(lagea linibifera 
Lojiidiiiin p(‘rfoliatinn 
L. ruderali^ 

Myosunis niiniaius 
Tulipa biflora 


On th(' whole 
very abuiu 
dant 


Maintained Root-syvsteni more sii- 

]ierli(!ial but peiie 
Initt's to the saline 
layers 


Plants in thi' seed or bidb 
(resting) state during the 
Sinn mcr 


Hoots adapted to the 
non - saline surfa(*e 
1 i ly e rs ( e x ( m* ] ) t Ta- 
li jxi bijlora) 


LoVVKR (T{ Vr*J'()(iAMS ON 
TJiK sou. 


Nos toe eoinnuine 
l\1 ieroitoleiis vaginatiis 
Sey toneuia oiad latum 
Acarospoia sehhdeheri 
Aspicilia fragilis 
A. i'rutieulosa 
(.'etrai'ia stejipae (C. 
aeuleata) 

1 terinatoearpon pusillu ni 
Diploseliistes siu uposus ear. 
terrest ris 

Rndoearpon pusilhnn 
K elleria jioly spora 
I ’a r I ne 1 ia ry ssol lea 
vagans 

Kinodina ninibosa 
f. Harept.a.iia M. 'roni. 

K i eeia i ntumeseens 
ear, typica 
ear. ineana 
R. soroear{)a 
(J rimniia pulvinata 
Ptervgoneurum cavifoliiim 
J\ subsossile 
Tortula ruralis 


eo}), 
V. ab. 

ab. 


On tlu' 
wlioh‘ 
fieipieiit 


Assimilating jiarts main- 
tained but strongly 
desieeate«l and in the 
|•esting condition 


Plants attached only 
to u])p('rmost non- 
salinc layers or lying 
(piite free on the soil 
surface 


Dimo long ago established the remarkable geographical correspondence 
between salt accuinnlation and soil type in these steppe and desert soils. In 
the northern portion of the grass steppe chernozem zone Na^CO^ is the 
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principal salt: further south and south-east it is replaced by NagSO^, further 
still, in the semi-desert, NaCl plays the chief part, though Na 2 S 04 is still 
present in considerable quantity. 

In spring and autumn, and after heavy summer showers, the columnar 
solon4t soils are transformed into temporary swamps, but in hot summer 
weather they dry out, exposing the vegetation to drought and great accumula- 
tion of salts. This takes place only at a certain depth, the surface layer being 
exposed to leaching. The increased salt accumulations are marked by out- 
posts of the southern vegetation types. Thus on the areas of columnar 
solonets in the steppe zone there occur semi-desert communities of Festuca 
sulcata var. valesiaca together with much Artemisia maritima var. stepposa 
(B. Keller), sometimes Kochia prostrata and much Nostoc commune. In the 
semi-desert zone on the columnar solon6ts soils (mainly of the “crustose” 
type) desert vegetation begins. The steppe grasses go out and dwarf shrubs 
such as Artemisia paucijlora and Camphorosma monspeliacum attain im- 
portance. On one and the same soil in the semi-desert zone there are 
great variations and different combinations of vegetation because the actual 
cdaphic conditions vary according to the different soil horizons (PI. VI, 
Phot. 10). 

In the northern part of the chernozem grass steppe I observed Silaus besseri 
and Plantago maritima on a basis of Festuca sulcata, as the first sign of increased 
salt content on areas of columnar solonets with a clearly developed, though 
thin, surface layer. 

Solonchdk soils. These form the second type of soils rich in salts. In very 
dry regions, where damp soils are exceptional, there are wet areas marked 
by development of solonchak soils. The water is rapidly evaporated and 
replaced by new water from below, and even if the latter is fresh, there 
is eventually an accumulation of easily soluble salts (mainly NagSO^ and 
NaCl) in the surface layers. Typical solonchak soils are moist even in hot 
summer weather owing to the proximity of the ground water. 

In the grass steppe chernozem zone solonchak soils are not very common. 
They penetrate furthest north in the characteristic vegetation complexes with 
aspen thickets (see below, p. 227) on the flood plains of the steppe rivers: also 
in steppe ravines and on slopes where the ground water is near the surface. 
In the semi-desert zone they are much more widely and strongly developed. 
Here in the Caspian depression there are many salt lakes, whose shores are 
occupied by extensive and various types of solonchdk soils, forming little 
“solonchdk deserts” with communities of Halocnemum strohilaceum. The 
Kirgiz call such a desert a Khak. 

The vegetation of the solonchdk soils of the semi-desert zone is very 
various according to the conditions of moisture and salt accumulation. Thus 
there is solonchdk halophytic vegetation and there are also solonchdk meadows, 
etc. 
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I'hot, I . ('torJejcv 


IMiot, 1 I. vSalt (Icscrl. Atnplcx cauuni C. A. Miry, on saline soil. 
Klianskaya .Stavka. 



I'hot. It. h'cHrr 

I'liol. \2. '‘.Salt inarsli” on soloncliak (wet saline soil) with I ftiloc/ieniHui 
sirohilaccutn. Ergcni Hills behind, with tree and shrub eoimniinities in the 


depressions. Near Sarepta. 
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Gradual transitions from solon^ts to soloncMk soils occur, and below is 
given a series of plant communities characteristic of these transitions on 
loamy soil in the semi-desert zone, both moisture and salt content gradually 
increasing. The single communities sometimes extend for many kilometres 
and form striking features in the semi-desert landscape. 


XIII. PLAOT^ COMMUNITIES AND SOIL CONDITIONS OF THE SALTY 


SEMI-DESERTS (Plate 
Plant communiti ks 
(dominants). 

I. 1. Koohia prostrata 

( -amphorosma monspeliaou m 

2. Artemisia pauei flora 
Camphorosma monspeliaeum 

3. Nanophyturn erinaooiim 

II. 4. Arial)asis salsa 

5. A triplex canum (Phot. 11) 

111. h Obione vernicifera 

7. Petrosimonia erassi folia 

8. Halocmernum strobilaceum (I’hot. 12 

9. Salieornia herbacea (PI. VIII, Phot. 1 


VTI and Plate VIII, Phot. 13). 

Soil. CONDITIONS. 

Considerable NaCl and Na 2 S 04 , but only be- 
‘ijinning at a certain d(‘pth, weaker in (1) than 
in (2) and (3). 

Stronjf drought during the hot summer. 

The soils usually (but not always) belong to the 
crustose-columnar type (solonets). 

Wry high eonb‘nt of NaCl and Na 2 S 04 , much 
greater than in I. Increasing salt and moisture. 

Extremely high NaCl and Na 2 S 04 content. 

Soil very wet even in summer. 

) Moisture and sail increasing from (6) to (9). 


The following list represents the flora which can be considered more or 
less halophytic in the subzone of the deep-soiled chernozem. It is taken from 
the vegetation complexes with aspen thickets (see below, p. 227) on the 


plateaux of Gov. Voronezli (solonets 
meadow). 

Allium paniculatum 
Artemisia inaritima var. stopposa 
Aster tripoliuin 
Atriplex litorale 
A t r o p i s c ( )n V ol u t a 
Bassia sedoides 
Carex stenoph yl la 
Cirsium acaule vnr. csculentuin 
Heleochloa schoenoides 
Iris halophila 
.1 uncus gerardi 
L(‘ptiirus pan nbnicus 
Peucedanurn latifoliu rn 


and solonch^k soils — including solonchak 


Plantago maritima 
P. maxima 
P. minuta 

Polygonu m areiiari um 
8 t'or/onc ra parv ifi ora 
Senecio grandiden tatus 
S. macrophyllus 
Silaus besseri 
8 tati ce gmel ini 
8uacda maritirna 
Taraxacum bessarabicum 
Triglochin maritimum 


The next list gives the plants of the solonch4k soils, including solonchak 
meadow, and swamps from the neighbourhood of Krasnoarmeysk (Sarepta) on 


the margin of the semi-desert of the 
claim to completeness. 

Aehiropus litoralis 

Agropyrum olongatum 

Artemisia maritima var. aalina 

Asparagus trichophyllus var. trachyphylhis 

Aster tripolium 

Atriplex hastatum 

A. litorale 

Atropis convoluta 

Bassia hyssopifolia 

Capsella elliptica 

Carex diluta 


Caspian depression. Neither list lays 


Ckm tail rea galac ti f o 1 i a 

Cirsium acaule var. esculcntum 

C. clodes 

Crypsis aculeata 

Erythraea meyeri 

Festuca arnndinacea 

Frankenia hispida 

F. pulverulenta 

Geranium collinum 

Glaux maritima 

Gypsophila trichotoma 
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Halocnemuin strobilaceum 

Heloochloa schoenoicles 

Jiincus gerardi 

Lathyrus inciirvvis 

I^epidiurn crassifolium 

Lenz(Mi salina 

Lotuy tenuifoliiis 

Melilotus dentata 

Mftritha piilogium 

Nitraria Bchoberi 

( ) l)i( )nc ped u nc iilata 

0. vcrnioifera 

Odontite'H stTotina 

( )faiHton iTKmandnim 

Ononis lurcina imr. spinoscens 

Oi’obanchc cniniana (on Ltaizoa salina) 

retroBiraoiiia crassifolia 

J’eucedanu in latifoliiim 

JMaiitago (‘orniiti 


P. maritima 
Polygonum arenarium 
Salicomia herbacea 
Salsola soda 
Saussurea crassifolia 
Scirpus maritimus 
S. tabernaemontani 
iScorzonera parvitlora 
Senecio grandidentatiis 
Silaus besseri 
Spergularia salina 
Station caspia 
S. snfTrutioosa 
S. tomentella 
Suaoda maritima 
Taman X laxa 
Taraxacum bossarabieum 
Trigloohin maritimum 
etc. 


XIV. SEMT-DKSERT COMPLEXES. 

In regions where little moisture is available for vegetation marked effects 
are produced by relatively slight changes of water content following the micro- 
relief. There results a great complexity of vegetation long ago exhaustively 
described by Dimo and by myself in the semi-desert. On open plains a few 
steps will take one to an essentially different type of vegetation. The following 
elements make up the variegated soil and vegetation fabric of a semi-desert 
complex (PI. VI, Phot. 10). 

1. Grass steppe depressions in which a good deal of snow collects in winter 
and of which the soil is therefore more thoroughly leached. The soil is dark 
coloured and rich in humus. The vegetation is closed and from the low-lying 
centre changes towards the periphery where it passes into 2. The basis is 
often formed of Fesiuca sulcata, with Stipa capillaki, S. tirsa, S. lessingiana. 
In the lower lying centre there is often Poa praiensis var. angustifolia, in 
spring Ficaria verna, and the like. Sometimes these hollows are overgrown 
with Glycyrrhiza glabra, 

2. Semi-desert vegetation with light chestnut or brown earth soil on 
positive relief. 

2-3. Transitions between semi-desert and desert types. 

3. Desert vegetation on criistose-columnar soil. These solonets soils are 
generally found in very slight depressions where there is temporary accumula- 
tion of atmospheric water, but not enough for thorough leaching. 

Tlie distribution of the vegetation in such a complex is here in general 
outlines the same as that of the geographical zones. Such complexes are widely 
distributed and characteristic on the plateau of Ergeni, and also to a consider- 
able extent in the adjacent Caspian depression. For the compositions of the 
vegetation see the lists on pp. 218-220. 
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Aspen thickets. 

The phenomenon of vegetation complexes is undoubtedly widespread in 
the most various regions. Here may be cited a very well marked example 
from the deep-soiled chernozem grass steppe zone. 

In the neighbourhood of the southern limit of the ice sheet, owing to a 
wide and fairly deep depression of the land, a great ice-tongue stretched far 
to the south up to the site of Stalingrad (Tsaritsyn). It planed and covered the 
old relief with a great sheet of ground moraine and thus produced a very flat 
area only slightly cut up by steppe valleys and therefore badly drained. In 
this region the development of aspen thickets (PI. IV, Phot. 6) and tlie 
complex of solonets and solonchak soils associated with them are character- 
istic. The thickets are restricted to the highest and flattest parts of the 
watershed with varied complexes depending on tlie micro-relief. In the deeper, 
mostly rounded, hollows the small aspen thickets grow on strongly podsolised 
soil. Here there may even be swamps with Phragmites communis, etc. Very 
slight depressions are occupied by deep and crustose-colunmar solonets soils. 
Grass steppe areas, with more or less damp meadows, solomdiak soils, etc. 
also take part in the complex. 

Popov has explained the evolution of tlie soils and plant communities of 
these areas. The areas of solonets soils which hold the water in their imper- 
meable columnar layers, carry the seeds of their own destruction. The water 
gradually leaches the soil, leading to podsolisation. When this yirocess reaches 
a certain stage, Salix cinerea comes in, and later on the aspen. The characteristic 
flora of the as|)en thicket shows the tyjie of origin as islands in the dry steppe, 
since the species are distributed by birds and wind. This is one of the best 
worked out examples of the gradual conquest of steppe by forest. 

XV. FACTORS HINDERING THE SPREAD OF FOREST SOUTH-EASTWARD. 

The main factors militating against the occupation of the extensive 
southern and south-eastern steppes by forest, according to the views of various 
Russian authors, are as follows: 

1. Lack of moisture in conjunction with the fine grained steppe soil. The 
precipitation of the steppe climate is markedly lower than that of the forest 
climate, more of the water is lost to the soil through immediate evaporation 
as a result of the steppe winds, penetration to the deeper layers of the soil is 
hindered by the fine grained nature of the surface, and the water which does 
penetrate cannot be so completely utilised by the root systems. 

2. The strong steppe winds also have of course a direct effect on transpira- 
tion. Wind is in general the greatest enemy of trees, and not only the dry 
south-east winds of summer (often accompanied by the so-called ‘'dry fog,” 
Russian mgla) but probably also the winter winds have a great effect in pre- 
venting the spread of trees over the steppes just as they do over the northern 
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tundra, since Gordyagin and Ivanov have shown that trees, even in the 
leafless state, may lose considerable quantities of water 

3. The presence of large quantities of easily soluble salts harmful to 
certain of the forest vegetation. But a clear picture of these effects is only 
seen where the deciduous forest reaches the solonets soils, and evefi here a 
doubt remains as to whether the peculiar physical character of the soil does 
not affect the trees unfavourably. On the edge of these soils the sufferings 
of the trees are clear enough. They are dwarfed, of irregular growth, and 
the top, or even the whole tree, may perish: lichens settle in great numbers on 
the bark. The forest passes over the solonets soils and cannot colonise them, 
at any rate without centuries of preparation. Patches of solonets, still sur- 
rounded by crippled trees, are yet to be found in the forest. But where forest 
borders on pure steppe (i.e. with chernozem soil) such pathological phenomena 
are not to be found. 

4. Competition with the steppe grasses is probably also a factor. If 
acorns or the fruits or seeds of other trees are strewed among the grasses of 
a typical Stipa steppe (which as described on p. 217 form massive tussocks 
and exploit very thoroughly the water of the surface layer of soil) the seedlings 
abort. But if the grasses were completely extirpated without altering the soil 
itself the development of tree seedlings would probably take place. 

It can be seen that the distribution of forest in the drier part of the steppe 
zone is often localised in places which from various causes are physiologically 
moister. The ravine woods and “gallery’^ woods are cases in point. And the 
farther one goes to the south-east in the dry steppe zone and then into the 
semi-desert and desert the more clearly and closely forest is confined to damper 
and more leached soils. In the so-called forest-steppe” zone, however (i.e. in 
the transition region between forest and steppe), the forest often occupies 
areas which are apparently identical in conditions of soil and land relief with 
other areas which are occupied by steppe vegetation. And clear evidence of 
the advance of forest on steppe is not lacking. Thus forest invades the plateaux 
from the river valleys and can to a certain extent prepare the conditions for 
its own successful advance. Thus the wind has less effect on a close-set phalanx 
of trees than on isolated individuals, snow collects along the forest edge, and 
on its melting the snow water moistens and leaches the soil, leading to podsol 
formation and less favourable conditions for the steppe grasses, which are also 
shaded by the advancing trees. In the northern parts of the forest-steppe 
zone this advance is very marked. Burial mounds, which were undoubtedly 
made in open steppe, are now covered with trees. 

Nevertheless in this northern region steppe often appears to be protected 
from forest invasion, and this has been attributed to fire, which might originate 
from lightning. Also the inhabitants of these regions have been acquainted 
with the use of fire since palaeolithic times. Such fires due to human agency 
may have been partly accidental, but it is also possible that the steppe was 
deliberately burned in order to destroy the litter of dead leaves and stems 
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which hinder new growth of the steppe plants. Again in certain historical 
periods fire was used by the Moscow kingdom as a means of protection against 
invading Tartars. The grass was burned over immense stretches so that the 
Tartars should find no fodder for their horses. Thus for instance in 1571 Prince 
Vorotynski and his associates, by order of the Tsar, decided to set fire to the 
steppes at the time of the first autumn frosts when the grass was dry and 
before the snow fell, in clear weather and when the wind was blowing from the 
border towns towards the steppe. The Cossack villagers were ordered to burn 
the steppe in this way from the sources of the Vorona as far as the Dniester 
and Desna. 

We cannot however regard the problem of the causes of the hindrance of 
the advance of forest on steppe as definitely solved. Many possible factors 
have been indicated and indeed every conceivable explanation has been 
brought forward, just as in the case of the American prairies. The proper 
weight and relative importance of the single factors have not been settled. 
Especially, little attention has been devoted to the different species of trees 
in this connexion. The causes of the failure of the pine, for instance, to spread 
on to the steppe may be quite different from those hindering the advance of 
oak or aspen. Certainly trees exist or could be produced, well adapted to 
occupy steppe. Even in desert such trees as Arthmphijtum, are able to invade. 
But the steppes are geologically recent and the available trees are few and are 
adapted on the whole to a damp climate. The characters of the individual 
species available must always be taken into account. 


XVI. RELICT 8PECTES OF THE GLACIAL ANT) TERTIARY PERIODS. 


In the wild forest region of the distant Altai an extraordinarily interesting 
vegetation was discovered and described by Krylov — nothing less than a relict 
oasis of the Tertiary deciduous forest with Tilia and a whole series of herbs 
characteristic of the European deciduous forest. The following s])ecies are the 
most interesting : 


Actaea Hpinata Broiiins aspor 

Aaanim ciiidpacum ('ainjianula trachelium 

Aspenila fxlorata Cardamino impations 

Aspidiiini atujleatiim Circai'^a liitetijina 

JlradiypodiuTTi silvatirum Epilobiiini montannin 


Festiioa i^ifTantoa 
F. .siivatica 

G e railiu in rob(*rt ian u i n 
Sanit'-iila <ni ropai'a 
8tac'liyH Kilvatioa. 


Part of the broad-leaved forest appears also to have maintained itself in 
the Urals. Thus Korzhfnski and Ilyin have recorded four of the above: Bromus 
asper, Circaea hitetiana, FeMuca siivatica and Saniciila europaea. Ilyin also 
adds Scutellaria altissima. 

On the right bank of the Volga, in the middle and to some extent on the 
lower part of its course, there is an elevated region free from glacial deposits, 
but if the remains of Tertiary broad-leaved forest are also preserved here is not 
clear. According to the researches on the pollen preserved in peat which have 
recently been made by Gerasimov the oak invaded the plains of eastern 
Europe from the west, the sjiruce from the east, after the melting of the ice. 
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But certain herbs, e.g. Festuca silvatica, and probably also Tilia cordata, 
appear to have survived the Ice Age in this ice-free part of the Volga region. 

It has long been known (Zinger, Litvinov) that on the exposures of chalk 
and limestone in the southern plains, on the edge of and beyond the limits of 
the glacial deposits, a considerable number of rare, partly endemic, plants 
exist, including species (or their close allies) which occur also on high mountains. 
Litvinov came to the conclusion that they have maintained their position 
since the glacial period, when the conditions of their existence closely re- 
sembled those now found on high mountains. Examples of these rare and 
partly endemic species are the following: 


Alainc setacea 
Androsat'e villoaa 
Anthciiiis trotzkiana 
Artemisia h o 1 oleu ea 
A. salaoloides 
Astragalus albicaiilis 
A. Zingeri 

Blip) eu ni m rami ri c u k >i dea 
Clausia Hprica 
Daphne cneorum 
D. sopliik 

Globularia vulgaris 


Gypsopbila litvinovi 
Jledysarum cretao(Mim 
II. grandiflorum 
H. polymorphum 
Helianthemum 

ohamaecistus 
H. rupifragum 
D yssopus eretaceus 
Juniperus sabina 
Lepidium meyeri 
Lin aria cretacoa 
Matthiola fragrans 


Onosma simplicissimuin 
Pimpinfdla tragium 
Polygala sibirica 
Po to n tilla pimpi nel loi d es 
Seabiosa isetensis 
Sehivereokia podolica 
Scrophularia eretacea 
Seutellaria alpina 
Silene crctacea 
S. supina 
Thymus cimieinus 
etc. 


Litvinov also believes that Pinus silvestris on the chalk (PI. VIII, Pilot. 14) 
is a relict in the sense that it maintained itself here during the Ice Age beyond 
the limit of the ice. It is interesting that, of the rare plants in question. 
Daphne sophia actually occurs on the chalk in the pine woods which have 
maintained themselves or where they once existed. 

A few notes on the distribution of these rare species may be added. . 

Daphne sophia Kal. occurs at a few places in Govs. Kharkov, Kursk and 
Voronezh. This species is very near D, altaica Pall, which occurs in the steppe 
region on the south-western foothills of the Altai, on the rocks and stony 
slopes of the hills and lower mountains, and is also found on the Tarbagatai. An 
intermediate station of D. sophia exists in Gov. Orenburg in the southern 
Urals. One may add that another closely allied species of Daphne, D. cau- 
casiea Pall, occurs on the southern side of the Caucasus. 

Besides the last small branches of the Urals in Gov. Samara and the 
elevated region on the Volga already mentioned, one may cite the parts of 
Govs. Voronezh, Kursk and Kharkov which escaped the great glaciation as 
specially rich in species of this group. Especially interesting is Kozo-Polyan- 
ski’s relict region in adjacent portions of Govs. Voronezh and Kursk. Here such 
interesting species as Bupleurum ranunculoides, Daphne cneorum (described 
by Kozo-Polyanski as a separate species, D.juliae), Gypsophila litvinovi and 
Schiverechia podolica occur on the slopes of steppe ravines associated with 
a scrub of Rhamnus catharticus, Cytisus ruthenicus, Amygdalus nana, and 
Prunus fruticosa. The soil is dark coloured and thin, the chalk being almost 
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or quite exposed in steep places. The vegetation is rich in characteristic 
steppe limestone plants and there are many elements which recall the Altaic 
steppes. 

Bupleurum ranunculoides has three separate main areas of distribution, 

(а) the southern European mountains from the Pyrenees to the Balkans, 

(б) the Ural Mountains, (c) the mountains of central and northern Asia (the 
Altai and far to the east). If the label has not been changed the species was 
once found also in the Crimea. Finally it occurs (to our astonishment) on a 
small patch in Gov. Voronezh. On the Altai this species occurs in the steppe 
meadows of the lower lying mountain region in company with many plants 
characteristic of the European steppes: also above the forest limit in mountain 
tundra and in subalpine meadows with characteristic subalpine species. 
Schr()ter draws an interesting picture of the “alpine steppe” in the Swiss Alps 
at 2120 m. near the forest limit. This is “dry meadow” with Festuca sulcata 
var. vallesiaca which in Russia inhabits the columnar solonets soil, as one of 
the dominants: also Koderia gracilis^ Phleum, boehmeri, Poa hulbosa var. 
vivipara, P. pratmsis var. angusti folia, and Bupleunmi ranunculoides associated, 
and characteristic alpine species as well. 

This association of alpine and steppe plants is not a matter of chance. It 
cannot be doubted that the steppe vegetation has assimilated not a few 
mountain forms and the lichen and stony tundras of the high Altai have many 
points of resemblance to steppe, both in tlie general conformation of the 
vegetation and in the communities. 

Grasses which are closely allied to steppe grasses play a leading part in 
tliese tundras as may be seen from the following three pairs of species. 

Altai mountain tundka. South JIussian oeass stkppe. 

ovina iiens. ampl. Fesiuca sulcata 

Kocloria caiuaisica vai\ aliaiea Koderia gracilis 

Avtuia versicolor A vena scliel liana 

The characteristic steppe species Avena schelliana passes gradually over, 
in ascending to the higher mountain areas, into A. versicolor, the typical 
mountain tundra form. In. the same tundra is a special, quite distinct species 
of Siipa — S. mongoliea, and associated with it a widely distributed typical 
ice-age plant, Dryas octopelala. 

A further series of characteristic steppe plants is represented by more or 
less closely allied forms in the alpine region of the Altai and these probably 
lived at one time close to the limits of the glaciers on the east European plains : 

Achillea setacea (laliiim verum Scnecio carnpester 

Campanula simplex Myosotis silvatica Veronica spicata 

Draba repens, again, which is found in the meadow steppe of Voronezh, etc. 
also lives in Novaya Zemlya and occurs above the forest limit in the mountain 
pastures of the Altai. 
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Engler in his well-known work was not inclined to draw any sharp 
line between the glacial flora proper and the steppe plants which spread at 
the time of the development of glaciers. In fact part of the steppe flora is 
characterised more by its quick development and short vegetation period in 
relatively low temperatures than by its adaptation to hot summers and drought, 
and here perhaps a remote echo of Ice Age conditions finds expression. It is 
interesting also that there is no sharp separation between the animals of the 
Ice Age and the steppe species, as Obermeyer repeatedly says. We must then 
believe that a part of the flora which existed near the edges of the great ice 
sheet, and which contained many alpine elements, was assimilated to the 
steppe vegetation. Certain of these species maintained themselves on ex- 
posures of chalk, where the competitive struggle was not so severe, partly as 
a result of the constitution of the substratum itself. Part of this glacial flora 
which had collected in southern latitudes, advanced northward with the re- 
treat of the ice sheet. The steppe elements of Sweden are perhaps the last 
remains of the vegetation in question, making their way there immediately 
on the heels of the ice sheet before the continuous forest belt had formed 
a broad barrier between the zone of the south Russian steppes and the north. 

XVII. CHANGES OF VEGETATION UNDER THE INFLUENCE OF MAN. 

Taliev has contributed much to the clearing up of these problems. Quite 
fresh traces of destruction and of the profound alteration of plant communities 
through human action are to be observed. The whole landscape may change 
as a result. In place of pine forest on sandy soil with its characteristic flora 
almost bare plains of drifting sand with very sparse vegetation consisting of 
steppe elements have been produced. Pine forest on the dark coloured chalk 
soil has been destroyed through the grazing of cattle and white chalk ex- 
posures with characteristic calcicole species have arisen (PI. VIII, Phot. 11). 

Taliev has expressed the opinion that the chernozem grass steppe has been 
formed on the site of destroyed forest, but this view has not been generally 
accepted. Taliev does not believe with Litvinov that the rare and endemic 
chalk plants are relicts of the Ice Age. He points out that colonies of these 
species often appear on places which have had a great historical past and thinks 
that such species have occupied the sites of forest which has been destroyed. 
This author believes that the mass migrations of nomads along definite routes 
have greatly helped the distribution of plants, and it is possible that certain 
eastern species have actually migrated in this way. But great groups of facts 
(e.g. the distribution of Bupleurum ranunculoides referred to above) do not fit 
into this explanation. 
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THE BEARING OF ECOLOGICAL STUDIES IN 
NEW ZEALAND ON BOTANICAL TAXONOMIC 
CON(JEPTJONS AND PROCEDURE 

By L. COCKAYNE and H. H. ALLAN. 

1. General. 

ALTHoiKiH this paper deals directly only with New Zealand we present it in 
the full belief that it has a fundamental bearing on taxonomy in general; for 
it caimot be that the lessons, both floristic and ecological, drawn from a region 
so self-contained and distinct as is New Zealand, can apply to that country 
alone. Further, in its intense endemism, its extreme isolation, its vegetation 
in part virgin, its varied climate, and its striking diversity of plant communi- 
ties, New Zealand, as a field for fundamental taxonomic research, surpasses 
the highly cultivated lands of Europe whence taxonomic procedure was 
derived long ago. 

The data and conclusions presented below are a result of a continuous study 
of the New Zealand vegetation and flora throughout the region — the Ker- 
madec and Macquarie Islands excepted^ — first by the senior author for no less 
than 38 years, and by his colleague for the past 14 years. The conclusions, 
then, are not derived at all from hearsay evidence but from first-hand field 
investigations. 

In an unsigned review ( 5 , p. 379) of the seventh edition of Bentham’s 
Handbook of the British Flora we read ‘‘Modern field-botany tends so much 
towards ecology, and systematists often feel that the determination of spe(;ies 
by ecologists is none too critical, that the need of a handbook with complete 
keys and adapted for field work, but based on a conception of smaller, and 
often more actual species, is greater than ever.” With the general statement 
we are heartily in sympathy, but the parenthesis calls for comment. Nothing 
has been brought home more clearly to the botanical ecologist in New Zealand 
than the inadequacy of the existing Floras to his needs — an inadequacy re- 
vealed not merely in the necessarily incomplete analyses of many polymorphic 
grouj)s, but also in the inconsistency of the procedure adopted, and the 
absence of any clearly defined principles governing that procedure. Indeed, 
before the ecologist could advance the understanding of many of the problems 
confronting him he had, perforce, to become a systematist himself. It is 
certainly not too much to claim that such progress as has been made in syste- 
matic work in New Zealand of recent years has been very largely due to the 
results established by ecologists. This is illustrated in the recently published 
( 10 ) second edition of Cheeseman’s Manual of the New Zealand Flora, A com- 



L. Cockayne and H. H. Allan 


235 


parison with the first edition shows that the changes made are due, in the 
main, to the acceptance of the results of the ecological work of the senior author 
of this paper in his floristic publications of recent years. Apart from this, 
however, the Manual still adopts methods and principles that we consider no 
longer acceptable in the light of the new knowledge gained by ecological re- 
search. The time ap|)ears to be ripe for an examination of the whole matter of 
taxonomic procedure, and a statement, illustrated by specific examples, of the 
principles governing what may be called the Natural or Field Taxonomy, as 
opposed to the or Herharium Taxonomy of the past. Such a state- 

ment should provide a sure basis for attack on the multiplicity of taxonomic 
problems awaiting solution, and so pave the way for the production of Floras 
adequate to the re(]uirenients of serious workers in all branch(*s of botany — 
that such work will need the earnest co-operation of many minds, and will 
require many years for its realisation, none appreciate more fully than we do 
ourselves. At the outset we desire to emphasise that we call attention to this 
need in no s])irit of depreciation of the great systematists who hava^ concerned 
themselves with New Zealand P'^Ioristic Botany in the past. No one could more 
admire than we the foundationaJ work accom])lished, e.g., by Hooker, Kirk and 
(Tieeseman, or mor(‘ fully r(‘cognise our indebt(Hlness to it. Without doubt the 
accumulated ri'sults of their devoted labours rej)resent all that co\ild possibly 
be done by the herbarium method. But to recognise our indebtedness is not 
to deny tJiat future work must proc(?ed on those oth(‘r lines that lead to a much 
more exact knowledge of the fa(‘ts as they present themselves in the field and 
in the experimental garden. That this advance is possible follows from the far 
greater opportunities ofi‘er(‘d by ecological studies of coming to grips with the 
[uoblem of the status of the individuals met with in nature, as contrasted with 
the mere guesses through the examination of isolated, greatly insufficient 
material — often fragnumtary- in the herbaria of tln‘ usual type. Up to the 
present our herbaria, whether juivate or public, have in no case adeejuately 
represented the manifold forms to be found, nor have the specimens been 
supported l)y anything more than scrap])ily and casually pr(q)ared notes. 
Indeed in most cases the s})ecimen sheets bear but the name of the locality, 
the date of collecting, the collector’s name, and perhaps the estimated attitude. 
On such inadequate material species after species has been founded, their 
authors never having scam the plants in their natural habitats. 

2. Some Recent Contributions to the Species Question. 

Before entering into details as to our observations and views, it may be as 
well to briefly review some recent expressions of opinion upon the species 
question and its relation to other branches of botanical enquiry. It will hardly 
be necessary fully to traverse the ground already covered by the senior author 
( 17 , 21 , 22 , p. 161), but reference will be made to the salient features in the 
body of the paper. Clements ( 13 , p. 56) has said, Finally, while the ecologist 
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is willing to go even further than the systematist in recognizing minor differ- 
ences, providing these are based upon statistical field studies and experiment 
and not upon herbarium specimens, the practical scientist is concerned 
primarily with real species rather than the many varieties and forms into 
which some of them fall.” But what are the ‘‘real” species? While we re- 
cognise the value, from some points of view, of the so-called “Linnean Species,” 
and “aggregate species,” the connotation of these concepts has already be- 
come vague and indefinite, and we would rather insist that the “scientist” 
(i.e. the taxonomist) is concerned primarily with the individuals that he is 
studying and their particular status. As soon as we pass from the “individual ” 
to the “species” we have passed from the region of fact to that of interpreta- 
tion. And while statistical study may do much it cannot of itself solve the 
fundamental problem. That the taxonomist must base his conclusions on the 
study of the living plant as presented by nature in the field is the essence of 
our plea. His taxonomic descriptions should, as far as possible, be drawn up 
in the field also. As Diels ( 35 , p. 71) puts it, “ Weitaus am giinstigsten ist es, 
die Beschreibung einer Pfianze nach urwuchsigen lebenden Material am Stand- 
orte entwerfen zu konnen.” 

Du Rietz ( 37 , p. 236) says, “Die Grundeinheit der Systematik ist namlich 
schlechtweg die Art, ganz unabhangig von ihrern grossercn oder kleineren 
Umfang in dem einern oder anderem Falle. Und das Kriterium einer Art ist 
immer dasselbe, namlich das dass sie gegen alle anderen Arten in der Natur 
natiirlich abgcgrenzt ist.” This dictum does not, however, seem to lead us very 
far on the journey towards solving the age-long problem of what a species is 
and how to recognise it when it is before us. “Das Ziel,” he goes on, “des 
Systematikers ist das, die Arten in der Natur so gut kennen zu lernen, dass er 
soweit als moglich yon den Phenotypen abstrahieren und trotz diesem der 
Genotypen sehen kann.” We fear the gdal is far distant! But if for “Pheno- 
typus” and “Genotypus” we substitute “Compound Species” and “Jor- 
danon,” as defined later, then that in part is indeed the goal the taxonomist 
should have before him, a goal to which New Zealand ecologists are already 
making fair progress. 

Lotsy ( 46 , p. 22), from the point of view of genetics, has incisively summed 
up his views in the statement, The Linnean species is 7w species. Yet up to 
the present moment, one has continued to speak of it as such, and this has 
caused endless trouble. Most decidedly the time has come to break with this 
wrong designation.” With this we are in perfect agreement from the ecological- 
taxonomic point of view, and we find, as will be seen later, Lotsy’s analysis 
and the terms he proposes so apt, convenient and free from ambiguous accre- 
tions that we have adopted them in our efforts to bring order out of the present 
— shall we say — chaos in New Zealand fioristic work. But while we appreciate 
the logic of Lotsy’s rigid restriction of the term species — “to designate a group 
of individuals of identical constitution, unable to form more than one kind of 
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gametes; all monogametic individuals of identical constitution consequently 
belong to one species” — we do not think such restriction of a term so long and 
universally used will ever receive general acceptance. It will be far better to 
provide a new name for the Lotsyan species. Certainly, in the Lotsyan sense, 
there is no single species known in the New Zealand or any other flora ! If the 
definitions we give later are borne in mind we do not think our use of the term 
‘‘species” will cause any confusion. 

Turesson (55, p. 172) also argues for the necessity “of an intensive study of 
the Linnean species and their habitat types or ‘races.’” But he decries the 
“making” of elementary species on insuflicient data. He adds (55, p. 173): 
“There is another point of divergence in the unit conception of genecology 
and systematism — viz. the tendency of the latter to split the species into 
smaller ones, thus creating a swarm of units which all rank as ‘species.’ From 
a genecological point of view this is to mistake the bricks of the building for 
the building itself. Only so long as these small ‘ species ’ (elementary species, 
microspecies, vicarial species, etc.) represent ecotypes — a point which has to 
be investigated in each particular case — and only so long as they are presented 
as constituent parts of the community of individuals which we have called an 
ccospecies, do they tell us anything of the morphology of that community 
from a genecological point of view.” Now, that forms have sometimes been 
called “elementary species” without adequate investigation can hardly be 
denied, and that an elementary species (or as we prefer, with Lotsy, to say, 
a jordanon) cannot be recognised from herbarium material alone we also 
emphasise. Thus Domin ( 36 , p. 39) claims in reference to the species of Koeleria, 
“Meine Varietaten entsprechen wenigstens bei den polymorphen Arten etwa 
den Kleinarten im Sinne Jordans, Opiz’ oder Kerners. Sie unterscheiden sich 
also meist durch Organisationsmerkmale und nicht bloss durch Anpassungs- 
merkmale. Bei den weniger variablen Arten habe ich oft auch solche Formen, 
die durch ein einziges wichtigeres Merkmal von dem Typus abweichen, als 
Varietaten bezeichnet (so z. B. K. Niederlemii var. mutica), wogegen sonst meine 
Varietaten meist durch mehrere Merkmale charakterisiert erscheinen.” One 
is at once compelled to ask what is a sufficiently significant characteristic, and 
what are the criteria by which it may be recognised. Domin arranges the New 
Zealand forms of Koeleria into three species, one of which is divided into three 
varieties. But this treatment is based on herbarium material only, and that 
of a very scanty nature (judging from his citations he had seen at most only 
8 specimens from 4 localities). While the investigations we have in progress 
show Domin’s arrangement to be suggestive, it can by no means be considered 
a final and satisfactory analysis, and we are certain that herbarium material, even 
of a much fuller character, could not alone allow of an adequate treatment. As 
to the value of Turesson’s conception of “ecotypes” and the extent to which 
his views are supported by New Zealand evidence we make some remarks in 
a later section. But we would again urge that it is the whole series of indi- 
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viduals that concerns the ecologist no less than the systematist. Metaphors 
are dangerous and should not be unduly pressed, but we would say that to 
understand the building one is forced to study not merely the bricks but all 
of the materials of which it is composed, and find into what classes they fall. 

The general nature of the problems to be discussed may be illustrated by 
the case of Leptospermum scoparium, certain forms of which are well known 
in the gardens of Great Britain. Though the ‘^species’’ was named as early 
as 1776, and though plants referred to it are abundant and widespread, the 
group remains one of the most baffling in the flora, and to disentangle the 
complex presented by nature would be the work of many men for many years. 
In publishing their species the Forsters ( 38 , p. 72) were content to say of it 
''fol. sparsis, ovato-lanceolatis.” Hooker ( 42 , p. 69) divided his herbarium 
material under the heads — Var. a. Erect, leaves lanceolate. Var. linifolium. 
Erect, leaves narrow, linear-lanceolate. Var. y. m^yrtifolium. Erect, leaves 
ovate, spreading or recurved. Var. 8. prostraturn. Prostrate, branches ascend- 
ing. Leaves ovate or orbicular, recurved.” With further collecting it was 
found that there were numerous forms that could not satisfactorily be placed 
in any of Hooker’s ‘‘varieties.” Kirk ( 45 , p. 157) accepted these varieties and 
added a new one — var. parvum — for a low-growing form with small flowers. 
Cheeseman ( 9 , p. 160) accepted this treatment, but later ( 10 , p. 589) followed 
Cockayne ( 21 , p. 70) in rejecting them. [As Cockayne has said, “In no list 
of plants hitherto published, so far as I am aware, are these varietal names 
used, partly because New Zealand botanical authors have troubled little about 
varieties, and partly because the above do not represent true-breeding races. 
Kirk and Cheeseman both recognize these varieties of Leptospermum, but it is 
suggestive that the latter botanist assigns a habitat to var. prostratum only. 
This plant, however, there is every reason to believe, is merely prostrate owing 
to wind or some complex of ecological factors, and so has no right to a varietal 
name in the sense in which the term ‘variety’ is now generally used. I could 
easily send to Europe dried specimens of different forms of L. scoparium, taken 
from shrubs growing in close proximity, which would at once receive varietal 
and perhaps specific names from any taxonomist monographing the genus 
and unacquainted with the species as they grow. At the same time there are 
distinct and easily recognizable races of L. scoparium which come true from 
seed, but most of these as yet possess no distinguishing name.”] One such race 
was published on the strength of ecological investigation by Cockayne ( 20 , 
p. 58) as var. incanum. In addition there occur forms with flowers of diverse 
hue from deep crimson, through shades of pink, to pure white, the deeply 
coloured forms being comparatively rare. There are also forms with “double” 
flowers, both pink and white, one of the latter having been described by Cock- 
ayne ( 22 , p. 179) as L, scoparium Leonard Wilson. What occurs in nature, 
then, in this as in many other cases, is a series of forms producing a complex 
whole, with which the herbarium method has proved quite incapable of dealing. 
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Its manner of getting over the difficulty is to say “the species is highly vari- 
able ’’ — a self-evident fact which can hardly explain itself ! It remains therefore 
for the ecological method to be applied. From the complex have to be separated 
out the true-breeding races, the extent to which these hybridise and the nature 
of the progeny have to be ascertained, and in addition the effect of the en- 
vironment has to be reckoned with. It is only by intelligent field observations 
supplemented by cultirral experiments that such a task can be successfully 
concluded. Suggestions on these various lines of attack are made in the follow- 
ing sections. We refer in several places to Diels’s important work (35), Die 
Methoden der Phytogra/phie und der Systematik der PJlanzen, but the whole book 
deserves the full attention of taxonomists, treating, as it does, with a breadth 
of knowledge and vision, of all sides of the question. With Diels’s conceptions 
we find ourselves in general in pretty close agreement. 

3. PoLYMORPHY. 

Since a recognition of the diverse forms and causes of the polymorphy exist- 
ing in nature lies at the root of our problem, some preliminary analysis of this 
question seems desirable. Owing to the misleading and loose use of the term 
“variability” we suggest it be replaced by the word “polymorphy.” As de 
Vries (32, j). 32) puts it, “Nichts ist variabler als die Bedeutung des Wortes 
Variabilitiit. Manche Verfasser benutzen dieses Wort in einem so viel 
urnfassenden Sinne, dass man gar nicht versteht, was sie meinen.” By the 
term “ polymorphy we mean the fact that different members (e.g. leaves) of an 
individual organism may be of diverse forms, and that among individuals, 
presumably closely related, there may be similar divergence in the forms of 
the various members making up the organism. Polymorphy may be of 
the following different classes and grades; only a few examples of each are 
given: 

(a) Polymorphy in the Indwidiial Plant, 

1 . Diversity due to stage of development of the meynbers. Leaves may differ 
according to age in their size, shape, toothing, degree of pubescence, etc. Steins 
may similarly differ in degree of pubescence, angularity of cross-section, etc. 
Flowers after fully opening may change in size of parts, lose parts, show 
colour changes, etc. Thus one form of Aristotelia serrata (Elaeocarpaceae) has 
flowers at first white then gradually deepening to a dark crimson. Fruits may 
change in size and colour, etc. Thus a form of Coprosma propinqnu (Rubiaceae) 
may show fruits apparently ripe and of a light translucent blue, but when fully 
mature these may be almost black. 

2. Diversity due to stage of developynent of the whole plant. Some 200 New 
Zealand species show more or less strongly marked dimorphy or even poly- 
morphy as they progress from the juvenile to the adult stage. The change may 
be abrupt or gradual. Thus Metrosideros robusta (Myrtaceae) is first a small 
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epiphytic shrub and finally, as a huge tree, a forest dominant. It may, however, 
commence life on the ground, and then bloom as a shrub; plants so origin- 
ating may be recognised by their being much-branched from the base, and 
not bearing a single trunk as in individuals beginning as epiphytes. M. per- 
forata shows great diversity between the appressed climbing parts and the free- 
flowering parts. A number of trees commence life as densely divaricating 
small-leaved shrubs and end as canopy trees of ordinary form, A number of 
species may flower in the juvenile or semi- juvenile stage, and the inflorescences 
may show certain differences from those of the adults, e.g. Pennantia corymbosa 
(Icacinaceae). 

3. Diversity due to the appearance of reversion shoots on the adult plant. 
In some cases a plant that has become completely adult later puts forth 
reversion-shoots of completely or partially juvenile form, e.g. Elaeocarpus 
Hookerianus. Adult Pseudopanax crassifolium var. unifoliolatwm (Araliac) 
that has been defoliated by fire may become reclothed in foliage of semi- 
juvenile character. 

4. Diversity due to no definitely assignable ca.use. In a number of species 
there is remarkable diversity among the fully developed leaves of the indi- 
vidual, e.g. in juvenile Aristotelia fruticosa (see 3, Fig. 1, p. 74). 

5. Diversity due to epharmonic response of various parts. In one form of 
Coprosma myrtillifolia leaves in the interior of the plant may be strongly 
ciliated, while the majority of the leaves are smaller and perfectly glabrous; 
similarly shade-leaves of Nothofagus cliffortioides and N. Solandri are glabrous, 
while sun-leaves are densely tomentose beneath. Many plants show consider- 
able changes in size between leaves in the shade and leaves exposed to sun and 
wind, e.g. N.fusca. In the form of Aristotelia serrata showing colour change of 
flowers from white to crimson, flowers in the shade may remain at a pink vstage. 

6. Diversity due to segregation of parts in an individual hybrid. A hybrid 

plant — Nothofagus cliffortioides x fusca — is known bearing a large branch of 
purely juvenile fusca character. We have seen a herbarium specimen of Olearia 
(Compositae) bearing below thick, strongly toothed, waved, narrow leaves, 
and above thin, flat, untoothed or very obscurely toothed, broad leaves, 
suggesting the cross Olearia furfuracea x macrodonta. We have a specimen of 
Olearia bearing leaves some of which have the pure white tomentum of 0. 
virgata, others the rusty tomentum of 0. divaricata, and others again of inter- 
mediate character. Messrs Thomson and Simpson have sent us a frond of 
a fern clearly Asplenium fiaccidum x lucidum, in which the lower pinnae are 
nearly lucidum in character, and the upper fiaccidum. Possibly much 

of the minor diversity shown in many individuals is due to partial segregation 
of characters in a hybrid plant, though distinct somatic segregation as in the 
examples cited may be a rather rare phenomenon. 

7. Diversity due to fungal or insect attack. Examples of this type of diversity 
are usually fairly easily referable to their cause, e.g. the witches’ brooms in 
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Nothofagus Menziesii, Edwardsia microphylla (Papilionaceae), Discaria tou- 
matou (Rhamnaceae) ; the modified leaves on vario'us galls, e.g. on Shawia 
paniculata (Compositae). Fronds of Dryopteris glabella attacked by a scale 
insect become markedly different from usual. 

8. Diversity due to seasonal differences in parts. Teucridium parvifolium ( Ver- 
benaceae) is described as having solitary flowers, but many individuals carry 
some few-flowered cymes, and according to our observations the relative pro- 
portion of these cymose inflorescences may differ on the same plant from 
season to season. There is no recorded case for New Zealand of change of sex 
in an individual. 

9. Diversity due to differentiation of sex. In addition to the normally 
monoecious species there are others which occasionally show irregular differ- 
entiation of sex in the flowers on an individual plant. A plant of Coprosma 
lucida known to us bears both male, female and hermaphrodite flowers. 
Female Rubus parvus may bear some completely sterile flowers, owing to non- 
development of the gynoecium. 

10. Diversity due to the co^nbination of two or more of the above phenomena in 
the same individual. It must not be assumed too hastily that some of the types 
of polymorphy just mentioned are too trivial to concern the taxonomist. 
Unless great care is taken in collecting specimens and in annotating them, 
mistakes of interpretation may easily arise. Specimens, notably of forest trees, 
are too often gathered without sufficient care being taken to see that the 
specimens are fully representative of the plant from which they were gathered. 
Thus Panax longissirnum Hook, f, is based on juvenile Pseudopanax crassi- 
folium vfir. unifoliolatum. The var. luxurians Cheesem. of Teucridium parvi- 
folium is based on a single, almost certainly epharmonic, form of T. parvifolium. 
Until his ecological researches had shown the true explanation the senior 
author had been inclined to consider certain small-leaved forms of Nothofagus 
fusca as constituting a distinct variety (see 54, p. 334). On the other hand, 
though juveniles of Pittosporum tenuifolium may have smaller leaves than 
adults, ecological observations have revealed that there also exists a small- 
leaved jordanon. Further examples of misinterpretation due to neglect of 
attention to these matters are mentioned later on. 

(6) Polymorphy in Groups of Related Individuals. 

1. Diversity due to differences in the members of individuals, even in inter- 
jordanic offspring. “No plant is exactly like any other.” Even a “pure line” 
evidences these “fluctuations” about a mean. 

2. Diversity due to epharmonic response by individuals in different directions 
A striking case is that of Ranunculus Monroi, described by the junior authoi 
( 3 , p. 75), where a number of other examples are given. Thus, too, the var. 
minor Cheesem. of Lepidium tenuicaule (Cruciferae) is an unfixed epharmonic 
form, due to habitat conditions. A plant.of Libertia ixioides (Iridaceae) was 
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divided by the junior author into two clones, one planted in a fairly well- 
drained loam soil, and the other in a heavy, rather boggy, clay soil. In the 
first flowering season no differences could be observed, but in the second (a 
very wet one) the clone of the boggy soil had shorter leaves, less developed 
inflorescences, and far smaller flowers (± 1 cm. diam., as opposed to ± 2-3 cm. 
diam.). Inasmuch as size of flower and capsule has always been considered of 
specific importance in the New Zealand Libertias this observation is not 
without importance. 

3. Diversity due to the existence of closely related jordanons. There are many 
examples of this diversity in the New Zealand flora, and further examples will 
be given later. Here may be instanced Epilobium, melanocaulon, with its jor- 
danic varieties typicum and viride. An important series of cases is where the 
jordanons show markedly different life-histories. Thus Nothopanxix simplex 
in most parts of the main islands has a juvenile with leaves 3-5-foliolate, the 
leaflets long and narrow, deeply and irregularly lobed. The juvenile of the 
jordanon of the Subantarctic Islands has only ternate, toothed leaves. There 
is also a jordanon similar to this on the main islands. 

4. Diversity due to the existence of forms reproducing parthenogenetically . 
There are no known examples of this in New Zealand, though probably in- 
vestigation on proper lines would reveal their existence. 

5. Diversity due to hybridism. This most prolific cause of diversity will be 
more fully dealt with in a later section. We may here cite the multitudinous 
forms arising from the cross Hebe elliptica x salicifolia, 

6. Diversity due to more or less complete unisexuality of individuals. An 
example is Clematis indivisa with its large-flowering male, and smaller-flower- 
ing female. The different species of Pimelea (Thymelaeaceae) may show herma- 
phrodite, dioecious or polygamo-dioecious flowers. The species of Coprosma 
are dioecious, but in some at least the flowers may bear the parts of the 
opposite sex in a more or less developed condition. 

7. Diversity due to combmation of two or more of the above phenomena. This 
is well seen in the case of Hebe salicifolia, to be dealt with later. 

(c) The Artificial Polymorphy of the Systematist — the Result 
of the Doctrine of ‘‘ Variability.’’ 

Varying conceptions of the criteria of species, and failure to recognise the 
true status of individuals has often resulted in what may be termed artificial 
polymorphy. The process of ‘‘lumping” by those with conveniently elastic 
ideas of the limits of species has again and again resulted in the production 
of so-called “variable” species out of material that can really be separated 
into groups of comparatively uniform character. Lotsy ( 46 , p. 41) has laid 
down the dictum, “The perplexity of the subject, to which Darwin refers, is 
caused, in my opinion, by the simple fact that inheritable variability does not 
exist.” Whether this “ simple fact ” is as certainly a fact as Lotsy would seem to 
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believe, no one at present can surely say, but it remains only too true that the 
hypothesis of a vague “variability” of species, to which no cause is assigned, 
and under which the most diverse forms are united as belonging to a single 
species, lies at the root of the inconsistent and confused treatment to be found 
in even present-day floras. With the recognition of the jordanon as the funda- 
mental taxonomic unit a way out of the confusion is established. The con- 
ceptions of Hooker, based on his world-wide knowledge of forms, have so 
dominated New Zealand Floristic Botany that his views as to “variability” 
are here stated. In the justly famous Introductory Essay to the Flora of New 
Zealand (41, p. viii) he says in reference to the work of the systematist, 
“Except he act upon the idea that for practical purposes at any rate species 
are constant, he can never hope to give that precision to his characters of 
organs and functions which is necessary to render his descriptions useful to 
others, for in groups where the limits of species cannot be traced (or, what 
amounts to the same thing in the opinion of many, where they do not exist), 
the object of the systematist is the same as in groups where they are obvious — 
to throw their forms into a natural arrangement, and to indicate them by 
tangible characters, whose value is approximately relative to what prevails in 
genera w^here the limitation of species is more apparent.” He goes on (p. x), 
“In tracing widely dispersed species, the permanence with which they retain 
their characters strikes the most ordinary observer,” and, “out of more than 
twenty thousand species cultivated at one time or another in the Royal 
Gardens at Kew, how few there are which do not come up, not only true to 
their species, but even to the race or variety from which they spring.” Further 
on (p, xiii) he remarks “the local botanist looks closer, perceives sooner, and 
often appreciates better, inconspicuous organs and characters, which are over- 
looked or too hastily dismissed by the botanist occupied with those higher 
branches of the science, which demand a wdder range of observation and 
broader views of specialities.” Then comes the classical instance of Lomaria 
iwocera, “The resident may find two varieties of this and many other plants, 
retaining their distinctive characters within his own range of observations (for 
that varieties often do so, and for a very uncertain period, both when wild 
and also in gardens, is notorious) and he may perhaps have to travel far beyond 
his own island to find the link I have found, in the chain of forms that unites the 
most dissimilar states of Lomaria procera.'' And (on p. xiv) we read, “the 
botanist who has the true interests of science at heart, not only feels that the 
thrusting of an uncalled-for synonym into the nomenclature of science is an 
exposure of his own ignorance and deserves censure, but that a wider range of 
knowledge and a greater depth of study are required to prove those dissimilar 
forms to be identical which any superficial observer can separate by words and 
a name.” Considering these difierent statements together it appears that w’here 
Hooker was able to apply a natural method he recognised the existence of true- 
breeding races (jordanons), but where he was compelled to rely upon herbarium 
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material he became impressed with the number of intermediate forms that could 
be found, and since he was dealing with floristic botany on a very wide scale 
he was led to believe that “ species vary in a state of nature more than is usually 
supposed/ ’ Unfortunately, as we think, it is the second view that has been mainly 
followed in New Zealand taxonomy far beyond the point where it had practical 
value. While sharing in Hooker’s distaste for uncalled-for synonymy we consider 
it more correct at the present-day to say that ‘‘ it requires a wider range of know- 
ledge and a greater depth of study to arrive at the jordanons, the hybrids and 
the epharmones (as we define them in the next section) — all of which to herbar- 
ium taxonomy are entities of the same status, as being ‘ variants ’ of a type 
which itself may be equally one or other of these opposed groups — than to 
lump together into an unwieldy mass all forms that can be linked up into a 
series.” The work of taxonomy, in a word, is neither to ‘"lump” nor to split” 
after superficial examination, but to analyse and to test, and this can only be 
done by ecological and genetic methods. 

Another source of error not always duly guarded against arises from the 
changes that may occur to plants in the drying-press. The experienced botanist 
learns to allow for such changes, and to note them, but a systematist dealing 
with material prepared by some one else may unwittingly fall into miscon- 
ceptions. For example, a form of Notothlaspi australe collected by the junior 
author on the Saint Arnaud range is possibly an undescribed jordanon, but 
has the pure white flowers characteristic of other forms. Specimens (at least 
those collected in wet weather) when drying changed in colour of flower to 
a distinct pink, and might easily be considered by a systematist unacquainted 
with the plant in the field as a distinct species. 

{d) Heteroblastic species. 

We have aheady mentioned the importance of adequate field knowledge 
of the life-history of these, but they have so much taxonomic importance that 
some further consideration is desirable. Incidentally we make brief mention 
of their important phylogenetic significance. Of special moment are those 
that flower in the juvenile or semi-juvenile (“Obergangs-Form”) stage, or on 
reversion-shoots of juvenile or semi-juvenile character. Some examples are: 
Podocarpus dacrydioides, Dacrydium intermedium, Paratrophis microphylla, 
Weinmannia sylvicola, W, racemosa, Edwardsia microphylla, Hoheria sexstylosa, 
//. angustifolia, Pseudopanax crassifolium var. unifoliolatum , Dracophyllum 
strictum, D, longifolium, D, arboreum, Parsonsia heterophylla, Pennantia 
corymbosa, 

Dacrydium intermedium as a juvenile has leaves up to 1*5 cm. long, rather 
laxly placed, linear, acute; by gradual stages the leaves pass into the form 
found on mature trees, scale-like, about 2 mm. long, ovate-triangular, obtuse, 
densely placed and appressed to the stems. The senior author (16, p. 17) has 
stated ‘‘Juvenile and adult shoots have no resemblance whatsoever. The 



L. Cockayne and H. H. Allan 


246 


important point is, however, that in Stewart Island the actual adult stage is 
not everywhere met with, and juvenile trees of the open-leaved character bear 
cones abundantly. To this form Kirk gave the varietal name of gracilis,'^ 
Kirk also ( 43 , p. 224) remarks, “usually a smaller plant than the type, from 
which it differs in its slender branchlets and monoecious flowers.” Goebel 
( 40 , p. 386) says “ Ob diese bliihenden Jugendformen durch ausseren Umstande 
vom Erreichen der Folgeform zuriickgehalten werden oder ‘Mutationen’ 
(‘sports’) darstellen, kann nur durch Kulturversuche ermittelt werden.” 
There seem other possibilities, but for this and similar cases Goebel’s dictum 
as to the method of determination cannot be too strongly emphasised. Cheese- 
man ( 10 , p. 117) using the herbarium method, for he had not visited Stewart 
Island, makes no reference to Kirk’s variety. From our standpoint the variety 
cannot be upheld, but the possibility of an originally juvenile form becoming 
permanent cannot be ignored. The senior author’s discussion ( 17 , p. 25) of the 
case of Edwardsia prostrata and E. microphylla may be referred to. Diels ( 34 , 
p. 108) after pointing out that flowering may ensue at different stages in the 
development and so produce forms of considerable morphological difference, 
remarks that mistakes may easily arise where the life-history is not fully 
known. He uses as one illustration the well-known case of Campanula rotundi- 
folia — “Von ihrer bluhenden Schattenform sagt Goebel mit Recht, sie wiirde 
‘ in einem anderen Florengebiete und in grosserer Zahl gesammelt, wohl un- 
bedenklich als eine von Campanula rotmidifolia verschiedene Art betrachtet 
worden sein,’” and considers it certain that many other recognised “species” 
are in like case. He by no means rejects the possibility of originally epharmonic 
unfixed forms gaining finally “die Moglichkeit, durch Vercrbung fest zu werden, 
und der anfanglich stricten Abhangigkeit von den exogenen Unistanden sich 
mehr und mehr zu entledigen.” 

Earlier Diels ( 33 , p. 296) had come to the conclusion that the extremely 
xerophytic character of certain New Zealand plants was not in accordance 
with their present environment, and to look upon them as “ Abkommlinge der 
Waldflora ” (p. 246) which had become “fixed” in the course of time. The senior 
author ( 14 , p. 279) from a study of seedlings tended to accept this idea and 
applied it to dimorphic species, citing with modified approval a statement in 
Strasburger’s A Text Book of Botany (1898, p. 46), “A plant... repeats in its 
ontogeny its phylogenetic development.” However, Diels’s ( 34 , p. 113) 
remarks on this head are certainly sound: “Das biogenetische Grundgesetz, 
das die infantile Form unter alien Umstanden phyletisch tiefer stellen will, 
verstosst also in weiten Umfang gegen die Thatsachen. Es kann dazu ver- 
leiten, die Wahrheit in ihr Gegenteil zu verkehren. Umgekehrt schliesst es 
die Moglichkeit nicht aus, in einzelnen Fallen den phyletischen Sachverhalt 
richtig wiederzugeben.” In view of the facts accumulating as to “somatic 
segregation” of hybrids of chimaeras of various types, the possibility must 
not be overlooked that in many of these dimorphic species an explanation 
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based on hybridism may be the correct one. Theories apart, it is clear that 
intensive study of the phenomena is a great desideratum, and that to be of 
taxonomic value specimens must be collected with the greatest care and full- 
ness of data. Unfortunately it must be added that for New Zealand we have 
as yet no adequate details in regard, for example, to the comparative structure 
of the flowers on juveniles, semi- juveniles and adult parts. 

Pennaniia corymbosa occasionally flowers rather freely when still completely 
in the juvenile stage. The juvenile is a small-leaved closely divaricating shrub 
(there is a forest epharmone of much more open habit), passing into an adult 
canopy-tree with much larger leaves. Semi-adults may flower on both juvenile 
and adult portions, while flowers also may occur on reversion shoots of adult 
trees. So far as our observations go the inflorescences on juveniles are some- 
what less developed and the individual flowers rather smaller than those on 
the adults. It would be easy to send to a herbarium systematist specimens so 
distinct that they would be regarded as belonging to different species (with 
'‘intermediates” or “hybrids”) were the life-history unknown. 

The importance of a thorough study of life-histories in the solution of 
taxonomic problems cannot be over-emphasised. Without such it is often 
quite impossible to arrive at the correct status of individual forms. Buchanan 
( 8 , p. 338), from dried material, listed Hebe salicifolia as occurring on Chatham 
Islands. This remained unquestioned till the senior author ( 15 , p. 319) showed 
by ecological and experimental studies that the Chatham Islands’ jordanon 
differed pronouncedly in life-history from any jordanon of Hebe salicifolia “ in 
being always a low tree with a distinct trunk. Its seedling form is also quite 
distinct.... The early leaves are very coarsely and deeply toothed...,” and so 
for a number of characters. It was accordingly given the specific name gigafitea. 
Although Cheeseman at first considered life-histories ineligible as marks of 
specific distinction, yet finally ( 10 , p. 791) he accepted this disposition of the 
jordanon, and it is undoubtedly correct, yet mere herbarium specimens of 
adults could never have revealed the truth. 

So, too, marked distinctions in the juvenile forms at once separate as 
distinct Dracophyllum arboreum from D, scopariurn, Edwardsia tetraptera and 
E. chathamiai from E, miarophylla, Pittosporum Turneri from P. patulum, 
apart from any other characters. Leucopogon fasciculatus consists of at least 
two jordanons — one homoblastic the other heteroblastic, yet neither, so far, 
has received a varietal name. There are numerous cases that need further 
investigation. Schefflera digitata has two distinct juvenile forms — the one with 
leaflets serrate merely, as in the adults; the other with leaflets irregularly 
lobulate or pinnatifid. The senior author ( 17 , p. 18) was inclined to treat these 
differences as epharmonic, but field evidence as to distribution suggests that 
it is rather a case similar to those just mentioned. This taxonomic differentia- 
tion remains, no matter what views be taken as to the phylogenetic questions 
raised. Pseudopanax crassifolium is usually divided into the varieties uni- 



L. Cockayne and H. H. Allan 


247 


foliolatum and trifoliolatum. The former is certainly a most distinct compound, 
heteroblastic variety, but evidence that is accumulating as to hybridism be- 
tween species of Pseudopanax, and between these and species of Nothopanax, 
results in trifoliolatum being badly suspect. Both field and experimental 
evidence are necessary for a solution of the problem. Of Dichsonia lanata 
Cheeseman ( 10 , p. 22) remarks, ‘‘At Whangarei, Bay of Islands, and other 
northern localities this usually produces a short stout trunk, but to the south 
of Auckland it is invariably stemless. Possibly there may be two distinct 
varieties with a different geographical range, but so far I have failed to find 
distinctive characters to separate them.” Further evidence is highly desirable, 
and should not be unduly difficult to obtain; but the possession of a trunk or 
its absence, if not epharmoiiic, should surely be an orthodox taxonomic 
character. The diverse degrees of development of a trunk in Dryojderis penni- 
gera, however, is probably referable to diverse habitat conditions. 

Whether a species be heteroblastic or not, its life-history needs close study. 
Kirk ( 45 , p. 127) says of Rubus parvus, “ This curious species may be an arrested 
state of R, australisP A study of the life-history of each lends not the slightest 
support to this suggestion, Cheeseman ( 10 , p. 501) is undoubtedly correct, 
“A remarkably distinct species, always easily recognized by its small size, 
1-foliolate leaves with sharply dentate margins, long-acuminate sepals, and 
large oblong fruit.” There might be some colour for Kirk’s suggestion, if 
applied to R. Barkeri, but that is certainly a hybrid between R, jiarvus and 
a form of R, australis or R. schrnidelioides . Hybridism introduces complica- 
tions and possibility of misunderstanding in regard to dimorphic species and 
the status of individuals. The whipcord Hebes are heteroblastic in develop- 
ment and also hybridise freely wdth several of the small-leaved Hebes of the 
huxifolia-laevis description. Some of the h3d7rids produced might easily be 
mistaken for prolonged juvenile forms. Indeed x Hebe cassinioides was thus 
mistaken by the senior author ( 18 , p. 219). But Petrie ( 51 , p. 52) in rejecting 
this opinion, fell into the equal error of considering that the plants in question 
constituted a distinct jordanon, to which he accorded specific rank, and yet 
his species was made up out of a garden hybrid of unknown! origin and a wild 
hybrid of probably another origin ! 

4. Terminology. 

Although w^e hope our practice will become increasingly clear as the de- 
tailed examples given are studied it is desirable to make a preliminary state- 
ment as to our usage of terms. Since it is the generally recognised business of 
a flora to attempt to provide means of identifying the individual plants met 
with, the individual necessarily becomes the starting-point, and very little 
study is required to realise that individuals fall into various categories. 
Linnaeus, as Lotsy ( 47 , p. 2) points out, clearly recognised that “there was 
a fundamental difference between non-transmissible and transmissible diversity 
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within his species/’ ‘‘Varietates attente inspiciantur,” but ‘‘Varietates 
levissimas non curat botanicus.” Unfortunately the clear-cut division was 
forgotten, and Linnaeus’s second dictum tended to be applied to all ‘‘minor” 
forms, and even in present-day floras references to “mere” or “trivial” 
varieties may be met with. Geneticists have brought botany back to the 
standpoint that of no form can it be properly said “non curat botanicus”; but 
taxonomists, perhaps naturally, in view of the difficulty of the task, and the 
inertia caused by the long-accepted taxonomic procedure, have lagged behind. 

In certain groups of individuals such diversity as exists is of very small 
amount, and one individual so closely resembles another that the student has 
no difficulty in identifying them as to all intents and purposes “ alike.” If such 
a group of individuals is found to breed true among themselves we have a 
“ jordanon.” Lotsy’s definition (46, p. 27) is adequate: “A group of externally 
alike individuals which all propagate their kind faithfully, under conditions 
excluding contamination with individuals belonging to other groups, as far 
as these external characters are concerned, with the only exception of non- 
inheritable modifications of these characters caused by the influences of the 
surroundings in the widest sense to which these individuals or those comprising 
the progeny may be exposed.” Briefly, then, a jordanon is a true-breeding 
group of similar individuals plainly distinct from any other such group. So far 
as we know all individxials of the Kauri are closely similar, breed true, and thus 
the species Agathis australis is composed of but one jordanon. Such species 
we term “simple species.” 

Diversity of a different grade occurs where there are two or more closely 
related jordanons forming a larger group, which is itself clearly marked off 
from any other group, but in which the jordanons are so closely allied that to 
treat them as separate species would too much obscure this closeness of re- 
lationship. Such a group of jordanons we call a “compound species,” the 
jordanons of which we term ''varieties.^' A simple instance is that of the turf- 
like Coprosma Petriei, with its varieties vera — a jordanon with translucent 
faintly blue-stained drupes — and atropurpurea, with port- wine coloured drupes. 
Apart from this clear-cut distinction the varieties are practically identical, but 
each l)reed8 true when crossing is impossible. Each jordanon of a compound 
species, if sufficiently distinct for a diagnosis to be drawn up that will enable 
it to be recognised in the field, is given a varietal name, and if the varietal name 
is not cited the whole compound species is understood to be referred to. Where 
two jordanons can only be separated by genetic analysis and no diagnoses 
suitable for field work can be drawn up they may be included under a single 
varietal name, the variety thus being a compound one. According to our 
method the type, if founded on a jordanon, must receive a varietal name. Thus 
the whole content of Coprosma Petriei, as at present known, is referable to 
either var. vera or var. atropurpurea, not to a “type” with two “varieties” 
of it (Cheeseman’s type is referable to var. vera), A simple species logically 
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should have a varietal name, but practically this seems unnecessary. Where 
there is danger of confusion in citing a compound species without a varietal 
name, then the abbreviations cpd sp. may be added. Thus remarks on (7. 
Petriei cpd sp. would be understood to refer to both varieties. 

With increasing numbers of jordanons more complex compound species 
occur, and it may become a matter of opinion whether a particular jordanon 
should be included as a variety of a compound species or receive specific rank. 
Also it may sometimes be a matter of opinion whether two jordanons are 
clearly enough differentiated to receive independent varietal rank or should be 
united to form a compound variety. In no scheme can the personal equation 
be altogether eliminated. In the compound species Hebe salicifolia there are 
a great number of jordanons, and one — var. Atkinsonii (a compound variety) 
— is so distinct from all the other jordanons that our chief reason for retaining 
it in the compound species is that it may prove to be the type of Forster’s 
original Veronica salicifolia. Indeed the senior author had treated it as a 
separate species until ecological observations throughout its area of distribution 
had revealed the possibility just mentioned. Obviously varietal names of this 
kind are of the utmost importance. It is worthless, for example, for a collector 
to cite Hebe buxifolia as occurring in a particular locality, without reference to 
the jordanon or jordanons that are to be found there. If no name be available 
(and such must be the case very often for many a year yet) he should give 
a description of the group he is dealing with. 

An unstable form due to environmental influences, and changing from the 
usual (‘‘normal”) form when these influences are sufficiently modified we call 
an “epharmone.” Of course the “normal” form is as much an epharmone as 
any other, and in some cases, it may be, of the different environmental forms 
none so predominates as to deserve the title “normal.” Our floristic term 
“epharmone” thus corresponds to some extent with what Clements (12, 
p. 155) from the ecological side refers to as an “ ecad,” but the taxonomist is not 
required to analyse in detail the various factors which by their combination 
produce the “ epharmone ” ; he is concerned with the resultant form. Hooker’s 
var. prostratnm of Leptospermum scopariiim. is, according to our usage, an 
epharmone, not a variety. Where it is useful to give names to epharmones, or 
where varietal names have wrongly been given to such we would cite them as, 
e.g., L. scoparium eph. prostratum. Into the vexed question whether an ephar- 
mone ever becomes so fixed as to result in the formation of a jordanon (heredity 
of an acquired character), we need not here enter. It is sufficient for the 
taxonomist and descriptive ecologist to know the status of his forms as they 
exist at the present time. 

Where hybridisation takes place — and New Zealand evidence very strongly 
suggests that this occurs far more freely in nature than is generally supposed, 
and that the hybrids are by no means infrequently fertile — diversity of a still 
more complicated character is found. This hybridism is not confined to jor- 
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danons within a compound species, but jordanons of most distinctly separated 
species may cross, and inter-generic hybrids are not unknown. The extreme 
members of such polymorphic groups have often been united in floras under 
the designation of a single species, on the grounds that the various ‘‘inter- 
mediates” are “passage-forms” linking together the extremes; and the 
“species” so constituted is spoken of as “variable.” Another common pro- 
cedure has been to treat the hybrids coming about midway between the 
parents as a distinct “species.” Such a polymorphic group with its jordanons, 
epharmones and hybrids we call a “linneon,” thus making the term more 
definite in application than Lotsy ( 46 , p. 27) who defined the Linneon as 
designating “ a group of individuals which resemble one another more than they 
do any other individuals.” Thus the “species” Olearia arborescens as diagnosed 
by Cheeseman ( 10 , p. 919) is a linneon made up of (1) three groups of jordanons 
so distinct from one another as to be better treated as separate compound 
species — 0. arborescens sens, strict., 0. Cheesemanii (= var. angustifolia 
Cheesem.), 0. capillaris ; (2) hybrids between certain of the jordanons and 
some of the hybrids between these and 0. ilicifolia or lacunosa; (3) certain 
epharmones, e.g. of capillaris, and probably “var.” cordatifolia T. Kirk — a 
shade epharmone; (4) certain as yet undescribed jordanons and hybrids. The 
whole linneon thus consists of a so-called type “varying” from a divaricating- 
shrub with leaves about 7 mm. long to a canopy tree with leaves up to 10 cm. 
long, by way of a multitude of “intermediate” forms; and of this linneon^ 
Cheeseman states, “Perhaps the most variable species of the genus, but gener- 
ally to be recognized in all its forms by the thin white and peculiarly satiny 
t omentum on the under-surface of the leaves ” ! When the herbarium method 
can lead such a painstaking and skilled worker as Cheeseman to such lengths, 
we may be excused for thinking that that method has served its day, and out- 
lived its usefulness. Such a name in any case is worthless for ecological research. 

Where we do not know — a frequent circumstance — or where we find it 
convenient for the time being to waive the status of an individual or a group 
we use the term “form.” Where a “species” has been founded on garden 
material of unknown origin we remove it from the flora and apply the term 
used by Bailey (6, p. 25) “cultigen.” There are at least 15 of this class accepted 
by Cheeseman in the Manual, mostly in the genus Hebe, so widely cultivated 
in gardens. Nothopanax Macmtyrei is described from a single plant growing 
in a garden. Not only is its place of collection unknown, but from the descrip- 
tion it appears to be a hybrid and it matches one of the hybrid swarm Notho- 
panax Colensoi x simplex. To include such cultigens as valid species of the flora 
seems to us a practice essentially vicious. 

^ This “species” is an excellent illustration of that misuse of authors’ names permitted by the 
Mules of Botanical Nomenclature. Thus in the Manual the authors of the name in Cheeseman’s 
sense are given as (Jockayne and Laing whereas their species includes only 0, arborescens proper, 
and excludes 0. capillarie and other groups included by Cheeseman. 
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The term ‘Hype” — now so greatly in evidence — we restrict to its proper 
usage as stated by Diels ( 35 , p. 73), “Wer eine Pflanze neu beschreibt, ist 
verpflichtet, sein Original als solches kenntlich zu machen, da es fiir immer der 
Beleg fiir seine Beschreibung bleibt. Die Herbariumpraxis nennt ein solches 
Original ‘ Typus.’ ” Considering the surprising ways in which the term “type ” 
is frequently used in floristic botany it is not superfluous to draw attention to 
the matter. Sometimes what is merely the most common form is referred to 
as the type, at others merely that which is best known to the writer, or even 
that which he first learnt to recognise as belonging to the species in question. 
A specimen may be spoken of as having been compared with the “type” when 
what is meant is merely that it has been compared with other specimens from 
the country in which the type was collected. The name Epilobiurn junceurri as 
usually treated by New Zealand botanists refers to a linneon. Solander gave the 
name to specimens he collected near Gisborne, but his name was not published. 
Forster applied the name to specimens he collected, probably, at Queen 
Charlotte Sound, but published no description. The first valid publication of 
the name was thus that of Sprengel in 1825^ The material used by Sprengel is 
therefore the type material and not as Cheeseman ( 10 , p. 603) appears to con- 
sider, that originally collected by Solander. 

5. Methods of Procedure. 

It will be obvious from what has gone before that we advocate no undue 
haste in either “creating” or “rejecting” species and varieties. The many 
compound species and linneons in the New Zealand flora provide material for 
an army of workers, and collectors will do far greater service in skilfully collect- 
ing and studying even the commonest and most “well-known” — frequently 
very badly known in reality — species, than in hunting for scraps of “something 
new.” We fear that Hooker was unduly optimistic when in 1853 ( 41 , p. xiv) 
he said “The time however is happily past when it was considered an honour 
to be the namer of a plant,” and certainly collecting merely in the hope of 
having a plant named after one is not yet out of fashion ! We hope the methods 
here outlined will prove of service to those collectors who have passed the 
stage of looking for “new” species, or ransacking herbaria for scraps of 
“puzzling plants” and who desire to do really useful work but are not alto- 
gether sure of what such consists in. 

(a) Work in the Field, 

The quantity and quality of the work possible of accomplishment are 
subject to obvious limitations — time available, accessibility of the locality, 
state of the weather, season of the year, and so forth — and only general 

^ We are greatly indebted to Prof. W. Wright Smith for sending us a copy of Sprongel’s 
description. 
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principles can here be set forth, which must be modified according to circum- 
stances^. 

Equipment. The equipment required for profitable work is not excessive, 
though a full list might at first sight appear formidable. The following are 
essential : (a) a roomy rucksack (preferably with side pockets), a supply of handy- 
sized tins (the flat, round-edged cigarette tins of ‘‘fiftys” and “hundreds” 
are excellent, and mustard tins are good also), collecting portfolio — a convenient 
size is 36 x 25 cm. (two pieces of stout cardboard with newspaper between will 
suffice, though more elaborate articles may readily be designed), stout knife 
(a good sheath knife is excellent for many purposes), measuring tape (the 1 m. 
or 2 m. steel tapes in metal covers are good), small film camera for photographic 
“notes”; (b) Notebook and plenty of pencils. The notebook rather thin and 
of handy pocketable size, with stout cover, and should be provided with a light 
waterproof wrapping to ensure safety in wet weather. We find the ordinary 
“garden” pencils excellent for field purposes, especially in rainy weather. 
A small notebook for wet weather, from which the notes can be transferred at 
convenience is a great assistance at times^. A plentiful supply of small 
nurserymen’s labels with string attached, and a ball of string. 

Useful, and in some excursions essential, equipment includes also a com- 
pass, an aneroid barometer, a digger (we find a bricklayer’s hammer with the 
hammer head transformed into a pick point, and with a stout handle — the 
New Zealander will find a matured branch of Shawia paniculata is excellent — 
exceedingly useful for collecting in stony ground), maps in waterproof covering. 
Of course where a base camp can be established much more may be taken with 
advantage — stand camera of at least quarter-plate size, large plant press, 
field glasses, and what not. 

But as Tansley says (53, p. 80) “the map, notebook, sharp eyes and a wide- 
awake mind are the only essentials.” At least, no amount of “ gear” will prove 
a substitute for these. A good pocket Flora is no doubt highly desirable, but 
for the New Zealand botanist there is at present none available, though 
“Cheeseman,” despite its good 2 kg. weight, may go as far as the base camp. 

Collecting. Here the “sharp eyes and wide-awake mind” are eminently 
to be desired. Preliminary study of the literature available, if there be any 
such, concerning the locality, may help to reveal the problems likely to be met 
with. Before actually collecting a brief description of the association should 
be drawn up, one’s power of rapidly recognising the special features improving 
with practice. The collector should aim at being able rapidly to take intelligent 
notes. He will have to decide the most profitable course to take — whether to 
concentrate on a few, or even one of the problems presented and gather 

^ Useful information may be gleaned from Tsuisley (63), Tansley and Chipp (64), 
Markgraf (48) and Riibel (62). 

* Note taking in rain is most unsatisfactory, but at times unavoidable. This is one reason for 
recommending thin notebooks, as otherwise a book full of important notes may be ruined. 
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material to elucidate it, or to endeavour to collect material concerning all 
the problems he recognises to be present. Where the locality is such that the 
collector is not again likely to be able to visit it, and the chance of other 
visitors studying it is also remote, it may be better to deal with the vegetation 
rather broadly, collecting freely. Where plenty of time is available, or where 
further opportunities of visiting the locality are certain to occur, it may be 
better, after a preliminary survey, to proceed in detail with a particular 
problem. In any case, with practice, a surprising amount of good collecting 
may be done, especially if the excursion is composed of several members who 
may divide up the work among them. But this rarely happens in New Zealand, 
and the ecologist must accustom himself to solitude and self-reliance. 

We will imagine that the collector has reached an example of Hebe shrub- 
land, and has decided to concentrate upon it. After a general reconnoitre he 
may find that he cannot give a name to any species present (though a year or 
two ago he would have bestowed names with all confidence). He therefore 
proceeds to give temporary names for what he decides are the jordanons present 
— those forms which appear in plenty of very closely similar characters, care- 
fully notes the nature and amount of polymorphy present, collects his specimens 
to give in miniature a picture of the plants composing the association. No 
more than one good specimen is taken from any plant. To this specimen is 
attached a nurseryman’s label which gives its number and habitat, and in the 
notebook, under the same number, any important details that the specimen does 
not reveal are at once recorded. Thus, if 16 specimens have been taken from 
habitat A, the labels and notebook numbers run from ^ 1 to ^ 16. To prevent 
confusion with subsequent collectings the date should also be attached. Thus 
the labels read: ‘'9/xii/26 Hebe swarm A 10,” etc. More elaborate methods 
may be evolved by the experienced collector, but the above will allow even 
the novice to do serviceable work. Indeed both for expert and novice time 
may not be available even for this amount of detail, hut so long as not more than 
one piece is taken from each individiml, and all frorn one group are tied together 
with the habitat label, further labelling can be left till the base camp is reached, 
when the bundles may be wrapped in sphagnum or the best substitute avail- 
able, so that they may reach the garden in good order for planting. Then 
also pieces of each can be made into herbarium specimens. If flowers or fruit 
are present, duplicate specimens may be placed in the tins or the collecting 
book. But this needs exceeding care to see that the labels correspond to those 
of the bundles, and that they do not get displaced. Carelessly or hastily 
collected duplicates are worse than none at all, and if, later, there is the 
slightest doubt they should be cast aside, and so with plants in the garden the 
labels to which have been displaced. 

Thus material will have been gathered that will provide real, if incomplete, 
information, from which definite knowledge as to the jordanons, hybrids and 
epharmones present can be gained. The method can of course be applied to 
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forms of any genus, whether hybridism is found to be occurring or not. No 
longer, with such methods, would ill-founded ^^new*’ species be made from 
random scraps that happened to take the eye in passing or, worse, from such 
scraps in existing herbaria. There will also be material both for growing and 
the herbarium. 

Where a worker has the good fortune to have a valuable community within 
easy and constant striking distance, a further great advance towards the 
solution of field taxonomical problems may be made, by the permanent 
labelling of selected wild plants. A good example — the first, so far as we know 
— of the value of this is the work accomplished by Messrs G. Simpson and 
J. S. Thomson. In their study of a remarkable Hebe community near Dunedin 
in which occur H. salicifolia var. communis, H. elliptica, and a wonderful series 
of hybrids between them, they have carefully selected certain wild plants and 
permanently labelled them with copper discs. From these selected plants 
cuttings have been distributed to us and to others, so that material, the first 
of its kind, is at hand for a detailed study of the taxonomy of the group. A 
glance at our paper revising the genus Hebe (25, p. 20, under Veronica> amabilis) 
will reveal the great importance of a study of the taxonomy of this group. 
Similar work may be urged upon our institutions that have an opportunity to 
carry it out. Almost alongside the Mountain Biological Station of Canterbury 
University College at Cass, for example, lies waiting a remarkable Hebe com- 
munity of which we have but scanty knowledge, but which would repay the 
closest investigation. So too the Otago University has great opportunities for 
the study of the polymorphic groups of Cassinia and other genera on the easily 
reached Mount Maungatua and Flagstaff Hill. 

(6) The Herbarium, 

There are of course many different grades of herbaria, constructed on 
diverse plans and with diverse ideals, ranging from the small private herbaria, 
dealing it may be with one particular group of plants, or a special locality, to 
the great national herbaria. The great majority have been built up from the 
taxonomic standpoint, but of recent years attempts have been made to con- 
struct herbaria on ecological lines^. Clements (11, p. 329) has discussed the 
construction of herbaria on synecological principles, especially ‘‘Formation 
and Succession” herbaria, and has illustrated his conceptions by reference to 
a herbarium built up to give a picture of the plant formations of Colorado. 
Yapp (61 ,p. 14) deals with the possibilities of herbaria formed on autecological 
principles, using the term “Ecological reference herbaria.” Both these types 
are eminently desirable, and as Yapp suggests would give valuable opportuni- 
ties for team work. 

The herbaria we have in mind, however, which might be termed “eco- 

^ As we write Dr G. E. Du Kietz, at present in New Zealand, is collecting specimens for the 
University of Upsala to represent the plant formations. 
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logical-taxonomic” herbaria, while giving a picture of different aspects of a 
community, are constructed mainly to suit the needs of the ecological or field 
taxonomy we advocate. We attempt to bring together suggestions derived 
from field-work, which has revealed the great weaknesses in existing herbaria 
of all grades. These weaknesses may be summarised as: (1) failure to recognise 
the fundamental importance of field evidence as to the status of the individuals 
concerned — the jordanons, hybrids and epharmones; (2) utterly inadequate 
representation, in most cases, of the material present in the field; (3) very 
insufficient documentation of the specimens, as already discussed ; (4) lack 
of reference to the detailed information that should be found in the field note- 
book; (5) insufficient attention to the matter of type specimens of newly 
described species; (6) lack of really adequate precautions against misplacement 
of labels during the various stages from gathering to final laying-in, and against 
mixing of specimens during these processes, or during subsequent examination. 

To remedy this state of affairs we suggest: (1) Field study, collecting and 
labelling on the lines already given; (2) the grouping together under locality 
and habitat covers of the specimens collected for each species, etc.; (3) the 
adoption of sheet tickets showing in addition to locality, habitat, altitude 
and collector’s name, the following data — (a) botanical district; (b) the nature 
of the plant community, the names of other species of the same genus in the 
community or its immediate neighbourhood; (c) the growing place of the in- 
dividual from which the specimen was taken; (d) statement of the status of 
the specimen as far as ascertained, with reference to the number and page of 
the field notebook where details are given; (c) the placing of specimens from 
only one individual on any one sheet; (/) statement of the individual species 
notebook w^here further information is given as to the species in general; 
(4) the permanent retention of the field label, so fixed as to remove under 
ordinary circumstances any possibility of displacement. The notebook for the 
individual species, just referred to, we confess we have not yet properly 
adopted ourselves, but we have become convinced of its great utility. In it 
will be recorded important details concerning observations on the species — 
its morphology, range, new localities, etc., epharmony, hybridism and so on 
— with cross-references to the herbarium sheets, garden cultures, field note- 
books, drawings, photographs and published information. 

Herbaria constructed on these lines will naturally involve a great amount 
of detailed work, but unless such is performed the herbarium specimens will 
have little or no value. 

Individual private workers might do well to concentrate on special 
groups, and collectors not aiming at themselves establishing herbaria could 
distribute their material accordingly. The great herbaria, e.g. that of Kew, 
aiming at world-wide collections, are very largely dependent on outside 
collectors, and the value of the work they can accomplish will depend upon the 
adequacy of the collecting. In many cases the collector must, perforce, be 
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content with sonaething less elaborate than workers settled in a country can 
accomplish, but just so far as their work is based on sound principles will it 
be of value. Herbaria constructed on the lines we advocate would at once 
cause the student to realise that to describe ‘‘new’’ species from a few scraps 
that give no indication at all of the range of forms found in the locality from 
which they were collected is a vicious practice. 

The far-reaching results of the new taxonomy are strikingly illustrated by 
our revision of the genus Hebe (25, p. 1), although we were hampered right 
and left in dealing with herbarium material, etc., by the weaknesses above 
referred to. Cheeseman (10, pp. 778-783) lists 86 species (as Veronica section 
Hebe), Of these we reject 20 on various grounds. Apart from synonyms^ we 
consider only 70 of the hitherto described species to be valid, and even of these 
we think at least 8 are under grave suspicion. We reject 13 as being based 
on hybrid material, 10 as being cultigens, and 6 as being described from 
altogether insufficient material for any determination as to status being made. 
Similar statements hold good for many of the described “varieties.” On the 
other hand we have been able, using the ecological-taxonomic method, to 
describe a number of distinct jordanons either as species or varieties; while 
by the herbarium method we could have made dozens of new species, supported 
by apparently most convincing specimens. 

Craib (29, p. 237) suggests that young men going into the overseas forestry 
or agricultural service might receive six or nine months’ training “in 
one of our larger herbaria spent in the routine work of sorting out and laying-in 
specimens and finally in systematic work either general or restricted to some 
particular genus.” We are distinctly opposed to this. We would, on the con- 
trary, have the young man trained in the field so that he would be free from 
prejudice and would learn to collect material for Kew, etc., as it ought to be 
collected. Otherwise his outlook would almost certainly become wrongly 
orientated. 

(c) The Experimental Garden. 

Essential for the purposes of the new taxonomy is the establishment of 
carefully controlled experimental gardens. The garden serves the following 
purposes: (1) Material corresponding to the herbarium specimens may be 
grown for further investigation of the status of individuals, and to serve as 
material for description of details not shown by the living plants when collected, 
or for which time was not available. Specimens not in flower may be grown 
to the flowering and fruiting stages; specimens suspected of being epharmones 
may be subjected to various environmental conditions. (2) Different forms 

^ Cheeseman s conception of what constitutes a synonym is often at variance with ours. Thus 
( 10 , p. 790) he cites var. communis as a synonym of the “type” of H. salicifolia, but var. communis 
does not, as far as we know, occur in North Island, is almost certainly not Forster’s type, and, type 
or not, each variety, according to our usage, should have a name. Nor does his general description 
fit the jordanon communis, but refers to a mixture of forms. 
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may be grown together for comparison in the living state at close quarters. 
(3) Pure cultures may be made. (4) Suspected hybrids may be investigated 
more fully and seed secured from them under controlled conditions. (5) Hy- 
bridisation experiments may be carried out to ascertain whether putative 
parents produce hybrids resembling the supposed hybrid forms found wild. 
Finally (6) the same material can often be grown by many workers living in 
different localities. 

To illustrate the uses of the garden we may refer to the following examples. 
As described in the Manual, ed. 1 (9, p. 713), Astelia nervosa is a linneon, of 
which a variety montana (of which A. Petriei Ckn. is considered a synonym) is 
given. In the Manual, ed. 2 ( 10 , p. 317), A. nervosa is still a linneon, but the 
distinct species A. Cockaynei (x A. nervosa var. montana of ed. 1, in part) and 
A. Petriei, both based on extensive field evidence supplied by the senior author, 
are accepted. Further ecological research has shown that A, nervosa proper 
is a compound species made up of the distinct jordanons var. grandis and var. 
sylvestris, and probably others. Research has also shown that var. sylvestris 
hybridises with A. Cockaynei giving the ‘‘intermediates” that caused Cheese- 
man at first to consider the latter as coming under J . nervosa. Now, in the senior 
author’s garden A. Cockaynei has been grown for ten years without in the least 
approximating to A. nervosa var. sylvestris of the same neighbourhood. Side 
by side with the above plant of A. Cockaynei has been grown for the same 
period the subalpine shrubland Astelia of Mount Eginont, which closely re- 
sembles A. Cockaynei. This, however, has changed markedly in appearance, 
coming much closer to A. nervosa var. sylvestris, but is by no means identical 
with it. In the junior author’s garden this change was seen to commence 
during the first year after transplanting. The exact status of the Mount Egmont 
subalpine plant thus remains undecided, and can be determined only by the 
study and cultivation of all forms of Astelia growing in the Mount Egmont 
subalpine forest and shrubland. But we now know that it is not A. Cockaynei, 
as we first supposed. Had we not grown this form, herbarium specimens, even 
if copiously collected, would not have given any suspicion that our first sup- 
position was incorrect, especially considering the obscuring of important 
details that occurs during drying and presiding. Diels ( 35 , p. 173) also strongly 
emphasises the value of the experimental garden to the taxonomist in testing 
whether the forms found belong to jordanons, epharmones or hybrids, though 
he does not use these particular terms. 

6. Exotic Species. 

Nearly 40 exotic species are included by Cheeseman in the New Zealand 
flora, although in many cases he was aware of their true status. As justifica- 
tion of this procedure he remarks ( 10 , p. 532) in reference to Geranium molle, 
“There can be little doubt that this is introduced, but as it has had a place 
given to it in previous works on New Zealand plants, and as it is now found in 
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all soils and situations, and would certainly be considered indigenous by a 
stranger unacquainted with its history, it appears best to retain it in the Flora.” 
In other cases, e.g. Imperata arundinaceaYSiT. Koenigii ( 10 , p. 136), he gives the 
species '‘the benefit of the doubt”; in others again, while himself having no 
doubt of the exotic origin (e.g. Cyperus vegetus — p. 215) he retains species 
because previous workers have described them as indigenous. 

Were his reasons in all cases strictly accurate — Geranium molle, e.g., is 
certainly not found “in all soils and situations” — we do not consider them at 
all cogent, and in another paper ( 26 , p. 61) we have listed all the species we 
consider should be removed from the flora, and those concerning which further 
investigation is desirable. No matter what may be considered the best pro- 
cedure in long-settled countries, where origins must in many cases be no longer 
determinable, we consider that in New Zealand and similar countries, where 
the primitive and semi-primitive vegetation still occupies the most prominent 
position, and where from historical and other reasons there are really few cases 
in which there is any doubt, Cheeseman’s practice was most unfortunate, 
especially as it is followed religiously — particularly in “popular” publications 
— by those who refer to no other writings. In view of the important phyto- 
geographical principles involved, and of the far-reaching conclusions some- 
times drawn from the presence of “wides” in a flora, we take the contrary 
stand, and would prefer to exclude doubtful cases, rather than give them “the 
benefit of the doubt.” 

Here we may refer to the fact that recent workers have tended to create 
or restore vicarious species that had previously been included in larger groups, 
thus often making an endemic species out of what was before considered a 
“wide.” Thus for New Zealand the following, among others, have been 
separated from the bracketed species — Centella uniflora (C. asialica), Myosurus 
novae-zelandiae {M. aristatus), Elatine gratioloides (E. americana). While, in 
general, this tendency appears to be sound, we would emphasise that before 
a decision can be arrived at ample and properly collected material is necessary. 
This is especially true in the case of compound species. From the specimens 
we have seen we consider Hebe elliptica of subantarctic South America to agree 
very well with one of the jordanons of that compound species appearing in 
New Zealand. But a worker merely in possession of specimens of another 
jordanon might well consider the plants of the two countries to be specifically 
distinct. There are a number of other New Zealand species awaiting proper 
investigation from this point of view, e.g. those hitherto referred to Avicennia 
ofliciimlis, Gratiola peruviana, and Hierochloe redolens. 

Other species that need investigation are those in which it seems possible 
that we have in New Zealand both indigenous and exotic representatives, e.g* 
Solanum nigrum. The importance of adequate study of these matters may be 
illustrated by reference to the case of the fescues. The identification of our 
New Zealand forms is mainly due to Hackel, who had very wide views as to 
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the contents of various species. Cheeseman ( 10 , p. 206), on HackeFs authority, 
admits Festuca ruhra to the flora, saying, “It has considerable value as a 
sheep-grass [really it has very little], and is often sown on sheep-runs. From 
that fact it is doubtful whether some of the European forms that can now be 
readily collected even in remote districts may not have been introduced. Of 
some varieties, however, there is no reason to doubt their nativity.’’ But of 
these “varieties” neither diagnoses nor localities are given, and further, it is 
certain that a great deal of hybridisation has occurred. Here is therefore a case 
where the task of arriving at the status of the various forms is one of great 
difficulty, if not of impossibility. To us it seems that only those forms which 
research shows to be jordanons not occurring in other countries should be 
admitted to the flora. And it is obvious that no collection of herbarium speci- 
mens, however complete, could be satisfactorily determined by any specialist 
however expert, without the added information derived from field studies and 
experimental cultures. 

7. An Account of the various Taxonomic Groups. 

(a) The Individuals. 

As already emphasised the goal of taxonomy is the power to discover the 
status of the individual plant. Plant after plant has to be compared and the 
eye trained to recognise similarities and differences — the student of Hebe, e.g., 
has to develop the “Hebe eye.” Of paramount importance is the recognition 
of the jordanon and the tracing of diversity to its causes. This is not the work 
of one season, but of many. No better training can be recommended to the 
tiro than the minute study of the forms occurring in a locality of restricted 
area. At this stage specific names may be more of a hindrance than a help, 
as the tendency may then be to fit the specimen to the name, rather than to 
find out what the field evidence is as to its nature. Such close study will be 
far more valuable than the gathering of specimens for some “expert” to name, 
or the poring over herbarium material of doubtful origin and character. 

{b) The Simple Species. 

Simple species are those that contain but one jordanon. We also treat as 
simple species those in which detailed research may reveal the existence of 
more than one jordanon, which, however, are not capable of separation by 
any diagnoses of a clear-cut nature. Such, one might say, “microscopic” 
jordanons are of immense interest to the geneticist, but the time is not yet 
ripe for their utilisation for taxonomic purposes. It may sometimes happen 
that a species may be simple in one country, but compound in another, or at 
least represented by a different jordanon. Thus the var. australiensis is the 
only jordanon of Juncus maritimus known to occur in New Zealand. As 
already mentioned the tendency of recent taxonomy has been to treat such 
jordanons as distinct species rather than varieties of a compound species. The 



260 Ecological Studies and Taxonomic Conceptions 

jordanon once recognised, the question of giving it varietal or specific rank 
will often depend for its answer upon the taxonomist’s views as to ‘‘lumping” 
and “splitting.” One cannot lay down a definite rule as to when a particular 
jordanon is of sufiicient grade of distinctness to be treated as a species or not. 
To some a wide conception of compound species will appeal, to others the 
reverse. For instance, should Azolla rubra be treated as a variety of A. filicu- 
hides 'I The first point is to decide whether we are dealing with two jordanons 
or not. Assuming that we have been able to decide that we are, then it might 
be argued that the varietal treatment helps to bring out in clearer light the 
phytogeographical relationships between South America and New Zealand. 
On the contrary it might be urged that this relationship would be over- 
emphasised. To us, in the present stage of our knowledge of plant distribution 
and evolutionary history, it seems preferable to emphasise the distinctions of 
the jordanons of different countries, as thus there will be less likelihood of 
facile and over-hasty generalisations on matters of which we have really but 
exiguous information. 

There are, however, in the New Zealand flora itself, certain simple species 
that stand out perfectly distinctly from any other group. These jordanons, 
therefore, do not require a varietal name. Thus we have the simple species: 
Agathis australis, Epilobium pernitens, Aciphylla Hookeri, Hebe Gibbsii, and 
so on, each most clearly marked off from all its allies. A striking example of 
a simple species becoming “artificially polymorphic” is Epilobium nummulari- 
folium, described by A. Cunningham (31, p. 31). Hooker (42, p. 77) united 
with it others of A. Cunningham’s species, and this course was followed by 
subsequent taxonomists — all using the herbarium method. Cheeseman (9, 
p. 180) says of the linneon thus created, “An excessively variable plant. The 
varieties described above are simply prevalent forms, and pass into one another 
by insensible gradations” — the “species” still being cited as of Cunningham! 
Later, however (10, p. 609), principally owing to the ecological work on the 
group by the senior author, Cheeseman reverted to Cunningham’s treatment, 
giving in addition the three (and there are more) true jordanic varieties 
established by Cockayne (22, p. 171). E. nummularifolium itself occurs through- 
out New Zealand, is recognisable at a glance, is perfectly invariable except 
for small epharmonic changes, and at present is not certainly known to hy- 
bridise. Further it is far from being ecologically equivalent to E, pedmiculare. 

(c) The Compound Species, 

The majority of New Zealand species are compound, i.e. are made up of 
two or more jordanons. We have already referred to the difficulty that may 
arise as to whether a particular jordanon should be attached to a compound 
species as a variety or treated as a separate species. Although we have stated 
that for jordanons of different countries it is usually better, at present at any 
rate, to treat them as species, for those of a single country we unhesitatingly 
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consider that relationships are usually better expressed by grouping together 
as jordanic varieties of a compound species such jordanons as are clearly 
closely related in a number of characteristics. Each jordanon of such a com- 
pound species must have its varietal name, including the type. Where the 
whole compound species is referred to, and it is essential to indicate that we 
are not dealing with a simple species we may cite the species as, e.g., Hebe 
buxifoUa comp. Where there is no danger of misinterpretation this abbrevia- 
tion may be omitted. Where a particular jordanon is being dealt with this 
must be fully cited, e.g. Hebe buxifolia var. paueimmosa. This is a matter at 
present far too much neglected in floristic lists, the value of which thus 
becomes minimised, for related jordanons may require different growing 
places. We have already shown that to establish a compound species on the 
usual herbarium lines is impossible, but we may give another illustration. 
Bitter ( 7 , p. 246 et seq.) made an elaborate analysis of the New Zealand forms 
of that most complex genus Acaena. But his work, necessarily largely based 
on inadequate herbarium material — he also uses cultigens — is suggestive 
merely. Field observations and garden cultures by the senior author (e.g. 
19 , p. 193) have gone some way towards providing an analysis of various 
species on natural lines. 

Since many compound species are known to produce inter- jordanic and 
inter-specific hybrids, their analysis becomes a work of great difficulty, and 
progress to be of value must be cautious in the extreme. It thus happens that 
in the Manual ( 10 ) we find compound species in which the ‘‘varieties” fall 
into two classes — (1) those founded on herbarium material only, and (2) those 
founded on the new taxonomic conceptions. An example of the first is De- 
yeuxia Forsteri ( 10 , p. 158). The first variety given is var. pilosa — a distinct 
jordanon (or perhaps group of jordanons), but so markedly distinct {pace 
Cheeseman, who says, “ Hardly more than a luxuriant state of the type”) that 
it is better treated, as by Buchanan, as of specific rank. Of the remaining 5 
it is possible that var. littoralis and var. niicranthera represent jordanons or 
groups of such, but of the others there is altogether insufficient evidence as to 
their status. Thus the whole group of forms is badly in need of investigation. 
An example of the second is Epilobium peduncidare ( 10 , p. 610). For this there 
are given 3 varieties, each from field observations and experimental culture 
known to represent distinct jordanons. 

There are of course all grades of complexity in compound species. Some 
may have few jordanons, and these differing in but few characters, others may 
have many jordanons, and these differing in many characters. Geranium 
Traversii has two jordanons, the one with pink, the other with white flowers. 
Linum monogynum has probably several white-flowered jordanons, and also 
one at least — var. chathamicum — with the petals flaked with pale blue. 
Forstera sedifolia has a white-flowered, and a dark “eyed” jordanon — var. 
oculata. The oculata form is also to be found in the allied species F, Bidwillii, 
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Of more complex compound species there are sufficient examples given in 
various parts of the paper. 

Coloration phenomena sometimes assume taxonomic importance. In the 
various jordanons of Cyathodes acerosa there are forms with white and forms 
with red berries.” In Pseudopanax crassifolium var. unifoliolatum forms occur 
in which there are distinctive colours possessed by the mid-ribs and under 
surfaces of the leaves. There is some field evidence that this may be con- 
nected with distinct jordanons. But that this must not be too hastily assumed 
in any particular case is shown by the fact that in several trees studied by the 
junior author it was found that the purely juvenile long leaves had dark red 
mid-ribs and chocolate under surfaces. As older and older leaves were examined 
there was found a transition of mid-ribs through yellow to the yellowish green 
of the adult leaves, of under surfaces through dull grey to the lightish green 
of the adult leaves. 

A matter that as yet has had insufficient attention paid to it in New Zealand 
in connection with taxonomy is that of phenology. Certain species of Hoperia, 
e.g., are distinguished, among other things, by possessing very different flower- 
ing periods, but very much more remains to be found out. A study, for instance, 
of the flowering periods of the forms of Hoheria sexstylosa and Hebe salicifolia 
would yield much valuable information. Some appear to have long periods of 
blooming, others short, and blooming occurs at different periods. 

How far certain distinct apparently true-breeding forms are due to par- 
thenogenesis or apogamy, using these terms in the sense of Winkler ( 60 , p. 1), 
we have no information, but it is unlikely that such cases will not be found to 
occur in New Zealand. We refer to the matter only to draw attention to the 
need for investigation. For ordinary taxonomic purposes such “races ” present 
no difficulties, as they remain constant, and for purposes of description and 
identification may be given distinguishing names. 

In connection with compound species the matter of “ecotypes” needs 
brief consideration — a full discussion would lead us too far from the main 
purpose of this paper. Turesson ( 55 , p. 172) says, “When it is found that the 
Linnean species is made up of a great number of hereditary forms, and when 
it is further established that such hereditary forms are found in nature to be 
grouped into different types, or rather complex-types, confined to definite 
habitats, the necessity of an intensive study of the Linnean species and their 
habitat types or races, becomes pressing.” These “hereditary habitat types,” 
“arising as a result of the differentiation of the species- population in response 
to particular habitat conditions” he terms ecotypes. In a further paper ( 56 , 
p. 147) he gives a number of illustrations of ecotypes, e.g. for Artemisia 
campestris he describes dune^ field and meadow and alfvar ecotypes. In a 
suggestive treatment of “parallel ecotypes” he names various ecotype groups, 
e.g. campestris, arenarius, alpinus. 

Now, while it may be urged that none of Turesson’s cultures have been of 
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sufficiently long duration — ^the earliest cited began in 1919 and were recorded 
for 1924, whereas Cockayne ( 17 , p. 18) has shown that a shrub that had re- 
mained prostrate for eight years, then began to assume the erect form — 
definitely to rule out the possibility of certain of his ecotypes being long- 
persisting epharmones ; that it is perhaps premature to speak of the types being 
definitely hereditary when no data are given as to the behaviour of the off- 
spring, and that the possibility of parthenogenesis in several genera, e.g. 
Hieracium, Leontodon, is not reckoned with, we fully expect that further work 
will prove the conception of ecotypes to have considerable value. We cannot 
see, however, that there is any the less need for the field botanist to make 
the deepest possible analysis of his material. As Cockerell ( 28 , p. 588) says, 
‘'Thus, while the ecotype system is highly illuminating, it should not take the 
place of definite names accompanied by precise descriptions, and supported 
by type specimens in the herbaria. Also, it is not clear that the most minute 
analysis of the various biotypes will not after all furnish the necessary materials 
for an adequate synthesis.’’ To consider a few New Zealand cases. Acaena 
novae-zelandiae has a var. pallida confined as far as is known to sand-dunes, 
and there is a dune-dwelling jordanon of Geranium sessiliflorum, Astelia 
nervosa has a var, sylvestris confined to forest, and a var. grandis of lowland 
swamp. Senecio lautus has coavstal, lowland and montane jordanons, and there 
is much epharmonic change also. In other cases the jordanons are separated 
in geographical rather than habitational or associational distribution. Arthro- 
podium candid am has a jordanon apparently confined to a restricted area, and 
another that is widespread. Both grow under similar habitat conditions. So 
too Danthonia Raoulii, as growing in subalpine grassland on Mount Egmont 
has a very distinct appearance from that of the jordanon of the Volcanic 
Plateau Botanical District. The northern jordanon of Leucopogon fascicidatus 
is distinct from that found further south under apparently similar conditions, 
and so on. Many jordanons may be found unchanged, except epharmonically, 
in diverse habitats, e.g. Cordyline australis. Lobelia anceps. 

The point we stress, however, is that most distinct jordanons may grow 
side by side. e.g. in Geranium sessilijlorum, Acaena Sanguisorbae, Melicytus 
micranthus, Leptospermum scoparium, Epilobium melanocaulon, Myosotis 
pygmaea, Phormium tenax, Gentiana scrotina, Coprosma Petriei — to name a few. 

Again there are many compound species the jordanons of which cut across 
these divisions, and in New Zealand there lies ahead much intensive work 
before any far-reaching conclusions can be drawn from the distribution of the 
jordanons in nature. In a word the ecotype conception does not at all free 
us from the necessity of first sorting out the jordanons. 

{d) The Epharmones, 

We coin the word epharmone to express a taxonomic conception, and by 
it we understand the growth form of an individual in relation to its growing 
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place. It must be emphasised that we apply the term irrespective of what may 
be the status of the individual— jordanon or hybrid. In most cases there is 
a prevailing form, often spoken of as the ‘‘normal’’ form, which has— it may 
be— come to be looked upon as representing the true character of the jordanon, 
if we are dealing with such. 

The less usual forms are those generally referred to as habitat modifications 
—Clements’s “ecads,” Turesson’s “ecophenes.” But not only the more un- 
usual, but also the “normal” is a habitat form — an epharmone — and in some 
cases no one epharmone is strikingly more abundant than another, and it 
becomes impossible to refer to a “normal” form, meaning thereby a predomin- 
ant form, nor is there anything “abnormal” about any epharmone, if “ab- 
normal” connotes, as it usually does, “unnatural.” All the epharmones that 
a particular jordanon is able to assume must be included in the conception of 
that jordanon, and according to our usage the term variety cannot be applied 
to these inconstant forms, but must be restricted to true-breeding races^. 
Whether certain forms that now fulfil the requisites of xmrieties (jordanons) 
originated by the fixing of originally habitat-induced characters or not, need 
not be discussed here. Only forms now capable of alteration with sufficient 
modification of habitat are our epharmones. Where it is considered desirable 
to give special names to epharmones they could be cited as, e.g.. Lobelia anceps 
eph. scandens, but in general it appears better not to give epharmones names, 
as these might easily be misinterpreted as varietal, and so lead to a conception 
opposite to that which was intended. 

“ Abnormalities ” due, e.g., to fungal or insect attack concern the taxonomist 
in so far as they may tend to be mistaken for varieties — in a wide sense they 
might be included under the term “epharmone.” Such forms are in general 
somewhat easily recognised, and are little likely to cause confusion, unless 
the whole plant is involved. That they cannot be left out of consideration by 
the taxonomist is illustrated by the case of Discaria ioumatou. The senior 
author ( 23 , p. 332) referred to the discovery of two adult flowering bushes, 
semi-juvenile in form, of which he received ample living specimens. “The 
twigs are slender, drooping, and not stiff, the spines are more or less soft and 
the flowers comparatively few. The plant might well be considered as a form 
growing under conditions of especial shade and moisture in the air, yet the 
two bushes are side by side with the usual intense xerophytic form of the 
species.” When, however, he was able to examine one of the plants in situ he 
saw the folly of his premature conclusion and over-haste ( 24 , p. 206) in that 
the whole plant was a “witches’ broom.” Later, however, he discovered a 
true jordanon matching these forms. The junior author has seen a number of 
plants growing together, which were of rather dense cushion form, practically 
without spines. In the neighbourhood was a community of the usual semi- 

^ The term “ variety” in the Manual ( 10 ) has the loosest application, and includes jordanons, 
mixtures of such, epharmones, mixtures of such, hybrids, and quite good simple species. 
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divaricating spiny form. These cushions were found to be due to the constant 
browsing of rabbits. 

On the other hand we should not too hastily decide that an unusual 
is an abnormal form. Concerning Olearia nummularifolia var. cymbifolia Kirk 
(45, p. 273) has the curious remark: ‘Var. cymbifolia appears to be a de- 
pauperated condition, largely caused by the ravages of insects; it produces 
few flower-heads, and the upper leaves are greatly reduced in size.” Field 
observations lend no support whatever to this idea, and the variety is a most 
distinct jordanon, better treated, as by Cheeseman, as a species apart from 
nummularifolia. The teratological field has, however, been neglected in New 
Zealand, and deserves full investigation. 

Turesson (56, p. 231) recognises the confusion that epharmones have often 
wrought in taxonomic work. He remarks “It cannot then be a matter of 
indifference to ecology or to plant-geography, for instance, whether the 
prostrate ‘isoreagent,’ say of Atri/plex litorale, is a habitat modification, or 
a hereditary habitat type.” In a recent paper (57, p. 19) he gives an interesting 
example (for Sucxisa pratensis) “wie die Modifikation die erbliche Variation 
deckt. Gewisse der Individuen sind erbliche Zwerge. aiidere sind nur modifikativ, 
auf Grund der extremen ausseren Verhaltnisse zu Zwergen geworden.” The 
junior author (3) has given a number of illustrations of epharmonic response 
and its bearing on taxonomy, and many others are to be seen in certain of the 
papers cited for the senior author. Here a few striking illustrations may be 
cited. 

In the Manual (10, p. 500) two “varieties” are given under Rubus cissoides 
— pauperatus and subpauperatus. The first is an epharmone of exposed situa- 
tions with the leaves much reduced. In this condition it is rarely, if ever, found 
in flower. But plants are to be found showing both the pauperatus and the 
“normal ” form. R. subpauperatus is a distinct jordanon resembling R. cissoides 
only in a general way, and flowering freely in the open. This species is only in 
part the var. subpauperatus of Cheeseman. 

The var. minor of Lepidium tenuicaule — Cheeseman (10, p. 175) — we have 
shown (26, p. 56) to be an epharmone. There are a number of alleged varieties 
calling for investigation, e.g. Atriplex Buchanani var. tenuicaulis^ Geniostonia 
ligustrifolium var. crassum, Hebe speciosa var. brevifolia, Coprosma rhamnoides 
var. vera and var. divaricata. Helichrysum depressum is a depressed, dead- 
locking bushy shrub of river beds in South Island. In one locality of the 
Eastern Botanical District it is found as a perfectly prostrate plant, closely 
hugging the shingle. A close examination of the area by the junior author 
failed to find evidence that this prostrate form was an epharmone, and in an 
apparently precisely similar locality, not many miles distant, plants only of 
the “normal” form were found. These field observations need supplementing 
with cultural tests. Alectryon excelsum is well known on account of the 
dehiscing fruits disclosing brilliant scarlet arils. Observations over five seasons 
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at Feilding show that the vast majority of the fruits in that locality are in- 
dehiscent. Germination occurs freely when the fruits have lain for a long time 
on the ground and the cover begins to rot off. An examination of the aril 
shows it to be much reduced in size. Whether we are dealing with a non- 
dehiscing jordanon or what might be called a climatic epharmone cannot at 
present be said. Certain field observations in other localities suggest that the 
amount of dehiscence or non-dehiscence may differ from place to place, and 
from season to season, so that the phenomenon may be due to some physio- 
logical disturbance. 

Nannfeldt ( 49 , p. 413) has adopted Colenso’s name Centella unijlora for the 
New Zealand forms of Centella hitherto referred to C. asiatica. His reasons 
seem to us perfectly cogent, but a thorough investigation of the New Zealand 
forms remains to be made. It is certain that epharmony plays a considerable 
part in producing the forms met with — see, e.g., our remarks ( 27 , p. 62). 

One jordanon of the nearly leafless Carmichaelia subulata spreads by under- 
ground stems that send up erect shoots at rather long intervals, so that what 
looks like a colony of separate plants is often a single individual. Growing on 
the exposed sea coast in grassland this form becomes much dwarfed, the shoots 
are sent up at short intervals and a loose cushion results, so that one un- 
acquainted with the structure of the inland epharmone might consider that 
two distinct jordanons were in evidence — an error made by the senior author 
through faulty field observations. 

Very suggestive is the fact that a jordanon in one species may be paralleled 
by an epharmone in another, or even in its own species. Thus there is a jordanon 
— var. prostraia — of Hebe buxifolia that rather closely hugs the ground. In 
the allied species H. laevis there may be found on the slopes of hollows 
where snow lies long a prostrate epharmone, which grows erect when trans- 
planted into a garden; so too the erect Hebe elliptica has a prostrate 
epharmone. 

A case of some taxonomic interest is that of Schizeilemu Allanii. This was 
first collected by the junior author under subalpine scrub on a peak of the 
Ruahine Mountains. The scrub covered the summit of the mountain, and the 
ScMzeilerna was constant in form throughout. Cheeseman ( 10 , p. 651) un- 
hesitatingly described the plant as a new species. Later the junior author 
collected in several places on higher parts of the range, amongst subalpine 
grassland, a Schizeilerna of more compact habit, but apparently structurally 
equivalent to the scrub plant. Also plants from the scrub grown in the garden 
have become much more compact in habit. Thus it would appear that the two 
forms belong to the same jordanon, but the type specimens belong to an 
epharmone of so distinctly different appearance from the later gatherings that 
seen merely as herbarium specimens the two would be considered specifically 
distinct. Indeed, it is by no means certain that both are not epharmones of 
S. hydrocotyloides. 
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A whole group that needs close study in the field and garden is that of the 
numerous large-leaved forms of the northern coastal islands — e.g. in Macro- 
piper, Nothopanax, Rhabdothamnus, Suttonia, etc. Some of these have received 
varietal names, but in no case has a thorough examination of the possibilities 
been made — i.e. whether the forms are epharmones or jordanons, or in some 
cases possibly hybrids. 

Our usage of the terms epharmone and epharmony does not correspond 
with the original signification of Vesque, as cited by Warming ( 58 , p. 5), 
and waives the question of the “fixing” of epharmones in the course of time. 
It should be noted also that the criteria of an epharmone correspond with the 
“adaptative Merkrnale” and not the “ epharmonische Merkmale” of Diels 
( 35 , p. 137). It seems to us better to leave the term modificafdon as a general 
physiological one, applicable to laboratory-made changes of form as well as 
to those of wild nature. 

(e) The Hybrids. 

Elsewhere ( 25 , 27 ) we have already drawn attention to the importance of 
hybrids in connection with taxonomic problems, but a summary treatment is 
here demanded. The prevalence of wild hybrids in New Zealand needs em- 
phasis. During the last decade a fair amount of attention has been given to 
the field study of wild hybrids, and although the Pteridophyta and (lymno- 
spermae have as yet hardly been examined, well over 200 hybrids are known 
among the Angiospermae. To illustrate their prevalence we reproduce a table 
we have already published ( 27 , p. 623) for the monocotyledons and dicotyle- 
dons. All genera containing 14 or more species are known to show inter- 
specific hybridism, if the strongest possible field evidence is accepted as 
decisive. 


Classes of genera 

Nuinl)er of 
genera 

Number 

possessing 

Ijybrids 

Percentage 

possessing 

hybrids 

Oenera with 2-5 species 

125 

42 

34 

Genera with (C-JO species 

:i3 

17 

52 

Genera with 11- 20 species 

15 

13 

87 

Genera witli over 20 specii^i 

s H) 

10 

100 


In addition much hybridism is known to occur among the jordanons of 
many compound species, but little exact work has been done among these. 
Very clearly to be realised is the fact that amongst hybridising species there 
occur in the majority of cases, not a few but a multitude of forms producing 
a motley “swarm.” From such swarms specimen after specimen may be 
chosen which on the herbarium plan could easily be considered as “distinct 
enough” to be treated as separate species. Of these swarms we have said ( 27 , 
p. 623), “A hybrid swarm is a totally difierent biological group from that of a 
species. In the latter case there can be a ‘type,’ in the former a ‘type’ is im- 
possible. Further, species deal with definite, static groups, but hybrid swarms 
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with indefinite dyn^^mic groups, for the hybrids of to-day are being replaced 
before our eyes by other forms.” 

Though at least 45 almost certain cases of hybrids masquerading as species 
could be adduced from the Manual ( 10 ) we can have space for only one or two 
examples. Wherever Myrtus bullata and M. obcordata occur together a most 
diverse swarm of hybrids may be found. This was fully gone into by the senior 
author ( 22 , p. 179), and there is not the slightest doubt that M. Ralphii, 
founded by Hooker in 1853 on a few specimens sent from Wellington, is merely 
one of the hybrid forms, rather closer to bullata than to obcordata. Yet Cheese- 
man (10, p. 597) accepts the species as valid since, he says, “I have been 
acquainted for 50 years with a locality for M. Ralphii in which, to the best of 
my belief, there are no specimens of M. obcordata within at least 20 miles, and 
none of M. bullata within 5 miles.” This fairly sweeping statement postulates 
almost inconceivably intensive field work nor is it likely that the vegetation 
was even semi-virgin. Moreover, though he refers to the large number of the 
so-called hybrids “which give a certain amount of support to this [the hybrid] 
view” he does not deal with these in his Flora — his diagnosis of M. Ralphii 
referring to but a small portion of the swarm. That is to say hundreds of forms 
are simply ignored. The field evidence is indeed so overwhelming that we can 
see no force in Cheeseman’s argument; nor can we see any reason for denying 
the power of a hybrid form to spread beyond the place of its origin to one 
where the parents do not occur. A much discussed case is that of the coastal 
forms of Senecio found along the western coast of the North-western Botanical 
District. Specimens thence have been variously referred to S. rotundifolius 
and S. elamgnifolius, Checwseman ( 10 , p. 1026) makes the var. ambiguus of 
S. rotundifolius for some of these forms, remarking that it, “recedes from the 
type in the direction of S. elaeagnifolius, but in my opinion is best placed under 
S. rotundifolius... on the other hand, Petrie {Trans. N.Z. Inst, xlvi (1914) 30) 
‘refers without hesitation' the Cape Foulwind plant to S. elaeagnifolius . 
Cockayne [Trans. N.Z. Inst. 50 (1918) 184 — citation in Manual incorrect] con- 
siders that the West Wanganui form is neither typical S. rotundifolius nor 
S. elaeagnifolius, but may be a variety of either.” In the paper just cited the 
senior author said, “It seems clear that the taxonomic position of the West 
Wanganui inlet plant is quite uncertain.” An examination of the forms in 
Petrie's herbarium, seen also by Cheeseman, shows that the two species in 
dispute are both present, along with hybrids between them. 

No two species better show the insignia of jordanic distinction than Wintera 
axillaris and W. colorata. When growing apart from each other the two species 
faithfully reproduce their distinctive characters from seed. When they meet, 
however, they hybridise, and since they have overlapping altitudinal distribu- 
tions, W. colorata, ascending much higher, epharmony also comes into play. 
Petrie ( 50 , p. 292), speaking of a certain forested ridge on Mount Hector 
(Ruahine-Cook Botanical District), says, “I was greatly interested in the 
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remarkable leaf- variation shown by Drimys axillaris at increasing elevations 
on this ridge.’’ At the lower levels the leaves were ‘‘typical.” “At increasing 
heights the leaves became progressively longer, narrower, and more acute, 
while the colour of the upper surface grew more and more decidedly red, and 
that of the under surface more and more decidedly a creamy yellow. At the 
highest levels at which it was observed the foliage had assumed a form barely 
distinguishable as regards the coloration of both leaf surfaces from the species 
known as Drimys colorata, so common on the edges of bush land in the lower 
parts of Otago and Southland, differing only in the longer, narrower, and more 
pointed leaves and the flat, even margins. Before seeing the series of forms 
growing on this ridge I was a firm believer in the specific distinctions of Drimys 
colorata, but the instructive series of leaf-variations here observed has con- 
siderably shaken my confidence in this opinion.” We have studied the matter 
on this and other ridges, and find that there is often a belt where W. axillaris 
is pure, or largely predominant, that there succeeds a belt where both species 
occur, and that the diversity referred to by Petrie is due to hybridisation. 
There succeeds a belt in which W. colorata alone occurs and shows only such 
diversity as can be attributed to environmental influence. Cultivated in 
gardens the two species remain perfectly distinct. It may well be that the 
Otago and Southland jordanon of W» colorata is distinct from the northern one, 
but we are certain that W, colorata and W» axillaris are not epharmones of one 
and the same species. 

Although polymorphic swarms of hybrids are what one usually meets with 
in the field, other cases occur, x Rubus Barkeri is a plant now widespread in 
gardens, having been distributed by rooted cuttings. Only a single plant was 
found in the wild state, but a study of the plant leaves hardly a doubt that it 
has the parentage R. australis or R. schmidelioides var. coloratus x parvus. 
Recently Dr McKay of Greymouth has discovered another wild hybrid plant 
of closely similar characters to x R. Barkeri. Moreover, the j unior author has 
been successful in raising artificial hybrids between R. parvus and R. schmide- 
lioides that lend much support to the theory of the hybrid origin of R. Barkeri. 
Cheeseman (10, p. 501) refers to forms of R. parvus with paniculate inflores- 
cences, and others with 3-foliolatc leaves are known. These forms, also, are 
probably of hybrid origin. 

A good example of diversity due to hybridism is that of Celmisia incana. 
This is a compound species, of which one jordanon is extremely abundant on 
Mount Hauhungatahi (Volcanic Plateau Botanical District), forming large 
mats often several metres in extent. So far as the junior author’s rather close 
examination revealed the species is perfectly constant all over the subalpine 
belt of the mountain. On the Ruahine Mountains (Ruahine-Cook Botanical 
District) there is great diversity, since there also occurs another species, 
generally referred to C. discolor, producing hybrid swarms with C. inca'ua, and 
so too in various localities in South Island. 

Journ. of Ecology XV 
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The results of collecting on the lines we have indicated, as against random 
gatherings, is illustrated by an excellent piece of work accomplished by Messrs 
J. Scott Thomson and G. Simpson on Rough Peaks (South Otago Botanical 
District, near its junction with the Fiord Botanical District). Full examination 
showed that there grew on the unstable debris slopes of those mountains a 
Ranunculus, which in the very many individuals studied was constant in form, 
and of which juvenile plants also showed no diversity. This jordanon when 
compared with other species proved to be undescribed, and is so markedly 
different from all others as to justify us in treating it as a ‘‘new” species — 
Ranunculus Scott- Thomsonii. On the same mountains grows R. Buchanani, 
possibly a jordanon of the compound species distinct from any other. This is 
a rock-plant that does not stray on to the debris slopes, but hybridises with the 
debris-slope plant at the margins, and produces a swarm of diverse progeny. 
Had the gatherings been made at haphazard no such useful information 
would have come to light. Contrary cases are those of R. Mathewsii and 
R. Baughani from the Fiord Botanical District, based in each case on a very 
few indiscriminately gathered scraps, and the former later proving to be 
founded on hybrid material, while the latter is most likely one of a hybrid 
swarm. 

An important point that can only be elucidated by proper ficild methods is the 
occurrence of hybrid forms simulating jordanons — parallel to the simulation 
of jordanons by epharmones. Coriaria lurida^ occurs in two distinct jordanons 
on Mount Egmont. These hybridise together, and the larger jordanon also 
freely hybridises with the jordanon of C, sarmentosa occurring on the mountain. 
There is produced a completely intergrading series of forms linking up the 
three jordanons. An examination of a Coriaria swarm occurring near the Royal 
Peaks, made by Messrs Simpson and Thomson, showed a like diverse progeny 
between two jordanons of C. sar?nentosa and C. lurida distinct from those 
occurring on Mount Egmont. Now the mid-forms of this series, seen as 
herbarium specimens, are closely similar to the larger-leaved jordanon of 
Mount Egmont, and would be placed along with it by a herbarium botanist 
ignorant of the field information available. The same collectors, while examin- 
ing a swarm produced by Aristotelia fruticosa x scrrata, found a remarkable 
form with almost the leaf size of serrata, but quite lacking the distinct teeth 
possessed by both parents. While this form requires experimental study, 
a hybrid origin is strongly suggested by the field evidence. Had, however, 
this form alone been collected — as might easily have been the case with such 
a striking form by a collector whose thoughts were merely on something “new ” 
— it might easily have been granted specific rank by a botanist who did not 
know the full field data as to its occurrence. This actually happened in the case 
of one form of the swarm, Hooker basing his Aristotelia Colensoi on non- 
flowering scraps from one individual which must have died long ago, so that 
the species” is now non-existent. 
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Hybridism among the ferns has received little attention, but would provide 
a fertile field for investigation. Especially rich in hybrid forms is the group 
centering round Asplenium bulbiferum. This compound species is easily re- 
cognised in its so-called ''typical’' bulbiferous state (not the commonest form). 
Cheeseman (10, p. 50) recognises two varieties — var. laxum and var. tripin- 
natuni — remarking, "when the bulbils are not developed and the frond is 
more slender, with narrower and more deeply divided pinnules, so that the 
sori are often almost marginal, the plant becomes var. laxuni. This runs into 
several small states not clearly separable, one of which is the A, triste of 
Raoul, and another Colenso’s A. gracillimum. Var. tripinnatmn has still 
narrower pinnules, deeply cut into narrow linear segments, and the sori are 
quite marginal. It approaches very close to some states of A. jlaccidum, but 
the frond is broader and more decompound, and the texture is thinner. In 
addition to the above varieties there are a large number of puzzling forms, 
which apparently connect the species with A. falcaturn, A, lucidum var. Lyallii, 
A. scleropiurn, A. Hoohcrimium, A. Richardi and A, jlaccidiim \^A. obtusatum, 
and A. Colensoi might have been added]. In Stewart Island, passage forms 
into A. sder opium and A. ft, accidum are particularly abundant, and it is often 
difficult to decide to which species they should be referred. It would occupy 
many pages to characterize these, and I doubt whether it is possible to define 
them in language sufficiently precise to enable them to be recognized with 
certainty.” In other words the herbarium method confesses itself bankrupt. 
There remains to be attempted an analysis on natural lines, seeking field and 
cultural evidence as to which forms are jordanons, and which arc hybrids, 
bearing also in mind the likelihood of epharmonic change. This task we think 
by no means an impossible one. Proper field observations of themselves give 
much evidence for distinguishing jordanons. Some of the species concerned 
are of widespread, others of local distribution, and comparative studies of a 
number of localities would cast much light on the situation. But the work 
must be done in the light of new field observations and not from ancient 
herbarium material and memory. 

As examples of a moderately full preliminary analysis of a hybrid swarm, 
we may refer to the paper by the junior author (1, p. 310) on Coprosnm pro- 
pinqua x robusta, and that by the junior author in collaboration with Thomson 
and Simpson (4, p. 375) on Hebe elliptica x salicifolia var. communis. 

There remains to give a brief resume of the methods we have adopted in 
naming hybrid swarms. Further references to the matter will be found in our 
joint papers (25, p. 44, and 27, p. 623). For the hybrid swarm, imitating a certain 
horticultural practice, we construct a name by combining in an abbreviated 
form and with a suitably modified ending the names of the parent species. 
Thus Danthonia pilosa produces polymorphic swarms of hybrids with D. semi- 
annularis. Our unpublished name— x D, semipilosa— will apply to all hybrid 
forms to be met with, no matter what jordanons of the two compound parental 
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species (and there are several such, not yet worked out) are concerned. The 
example given also illustrates the point that where one of the parental names 
is short it is preferably used in its entirety, and that where euphony demands 
the alphabetical order is to be departed from. Where a named jordanon is con- 
cerned the varietal name may be incorporated in the telescoped hybrid name, 
e.g. X Foa a7isetipusill<i for the swarm arising from P. anceps x pusilla var. 
seticMlmis. Some ingenuity is of course often required to keep the name 
reasonably short, and not of greater absurdity than average specific name, 
while Yjroviding for one of its valuable features — the revealing to the reader 
acquainted with the names of New Zealand species the exact parentage in- 
volved. 

For a number of New Zealand hybrid swarms a specific or varietal name 
has been given to a small group within the swarm, usually that of the series 
coming about midway between the parents. Thus x Hehe divergent ( x Veronica 
d/ivergens Checsem.) refers to certain hybrid forms in the swarm x Hebe ellipsala 
(H. elliptica x saUcyifoUa), the jordanons concerned being in this case unnamed. 
Such names we retain when they seem to serve a useful purpose, but we are 
strongly against widening the conception of such names to include the whole 
swarm, nor indeed have we any justification for doing so. Far better abandon 
altogether such false ''species” than risk helping to perpetuate an error. 

Art. 34 of the International Rules of Botanical Nomenclature states, "when 
ther(' is reason to distinguish the different forms of a hybrid the subdivisions 
are classed under the hybrids like the subdivisions of species under a species. 
ExaniY)les: x Mentha villosa fi Lamarckii (x M. longifolia x rotundifolia)N 
HtN'ilising as we do from field studies that in so many hybrid swarms literally 
hundreds, ])erhaps thousands, of forms can be picked out by the trained eye, 
such giving of subordinate names would carry us to inordinate lengths. On 
the other hand the method suggested in Art. 34 for indicating " preponderance 
of the characters of one or other parent,” by use of the signs > and <, and the 
neater method, supported by Diels ( 35 , p. 176), of using such terms as " media” 
and " per” seems hardly to go far enough. Where, then, in analysing a hybrid 
group for s})ecial pur|) 08 es it is desired to form minor groups we ado|)t a 
“ formula treatment ” — see, e.g., the junior author’s pa|)er ( 2 , p. 288). For the 
swarm x Melicope tersimplex {M. simplex x ternata), the formula reads T5, 
T4, T3, T2, Tl, TS, SI, 82, S3, S4, S5. T5, T4 represent the "perternata,” 
S4, Sr5 the "persimpJex,” and TS the '‘media” forms (these latter also roughly 
corresponding to x M. Mantellii, which was described as a species). T2, Tl, 
and S2, SI approach TS from the ternata and the simplex side respectively, 
and may be considered as "sub” forms. But a form may be ‘‘per” as regards 
one |)arent, and “sub” as regards another, while the formula represents an 
arrangement based on a balancing of the various characteristics shown by the 
forms found. This treatment seems sufficient for general purposes, and not so 
detailed as to defeat its own ends. 
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In floras the general name, with some reference to the degree of diversity 
existing, may be all that space allows, but in a detailed analysis of a particular 
swarm and in monographic treatment of genera and species the formula will 
have its place. 

For inter-generic hybrids similar telescoping of the generic names may be 
used with advantage. This has also already been done in horticultural practice, 
and is recommended by Diels ( 35 , p. 104), who gives the example: Odonto- 
glossum x Cochlioda= x Odontiod^. Helichrysurn pauciflorum was described by 
T. Kirk ( 44 , p. 351) from material gathered by the senior author. The latter 
has long suspected that the plant was a hybrid. Recently Prof. Wall, after an 
examination of Petrie’s herbarium, suggested that we should look into the 
question as to whether Raoulia Gibbsii were not the same species as Helichry- 
sum paucifioTum, The senior author, after a study of the material in the 
herbarium came to the conclusion that the specimens concerned belonged to 
the swarm Leucogenes grandiceps x Raoulia bryoides. Should this opinion be 
substantiated we would use the name x Leucoraoulia for the swarm. 

( / ) The Linneon, 

Reference has been made to the linneon Olearia arbor escens. A further case 
or two will serve to summarise the various grades of individuals and groups 
that concern the taxonomist. Of Craspedia unijlora Cheeseman ( 10 , p. 989) 
remarks, “ The New Zealand species has the range of the genus [ N.Z., Australia, 
Tasmania]... A most variable plant. The three varieties described above look 
very distinct in their extreme forms, but are connected with the ordinary state 
of the species by numerous intermediates.” Now, what Cheeseman considered 
to be the ‘‘ordinary” state we do not know, nor how far all or any of the New 
Zealand forms are identical with those of Australia and Tasmania. But, this 
apart, to group all the New Zealand forms of Craspedia into one species is at 
once to create a linneon, made up of jordanons, hybrids and epharmones. 
Cheeseman gives no details of the distribution of the varieties he allows. The 
genus was published by G. Forster ( 39 , p. 58), and one species named — uniflora 
— but without specific diagnosis, so that without examination of the type 
specimens we cannot guess what form or forms are included. It will suffice 
to indicate the groups field studies, still very far from complete, have revealed. 
There is, then: (1) A group of coastal forms — some of these are large leaved 
and come under ^‘var.” robusta, in the general sense in which that name is 
used. There are also smaller-leaved forms. One quite showy and very distinct 
coastal jordanon we propose to name C. mariiima, (2) A group of tussock- 
grassland and open shrubland forms, including those often called by the 
‘‘varietal” names fimbriata, viscosa and minor, as well as some robusta forms. 
There are certainly several distinct jordanons included, and many hybrid 
forms. Until proper field study has been made the attaching of the above 
“varietal” names to their specimens by collectors is worse than futile, as it 
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implies a definite knowledge that is certainly not possessed. (3) A group of 
forms of damp places, streamsides both in the open and the forest, etc. Probably 
many of these are epharmones of the second group, but no research on them 
has yet been attempted. (4) The distinct jordanon, C. alpina, of unstable 
debris slopes. This hybridises with some of the tussock-grassland forms. The 
linneon thus contains several distinct jordanons deserving specific rank, 
probably several varietal jordanons, numerous hybrids, and an unknown but 
probably considerable number of epharmones. This group would certainly 
reward investigation on ecotype lines, but to us it appears that the analysis 
of the forms as to their status must first be fairly well worked out. 

Finally a linneon may be discussed of which the study has advanced to a 
greater extent — Hebe salicifolia. The varieties accepted by Cheeseman ( 10 , 
p. 790) are of different classes: (1) var. stricta, ‘‘the common variety in the 
North Island.” There are a number of jordanons in North Island, and “var.” 
stricta is at present but a name for the residue of unresolved jordanons, hybrids 
and epharmones. What the original var. stricta Banks et fol. ex Benth. may be 
is another matter. (2) var. longiracemosa. This is a jordanon, mainly if not 
solely, of the Egmont Wanganui Botanical District, though Cheeseman attaches 
to it herbarium specimens from the Waitakerei Range (South Auckland 
Botanical District). (3) var. paludosa. This is a very distinct jordanon of 
swamps of the North-western and Western Botanical District of South Island. 
Whether Cheeseman is correct in including with it a jordanon growing on 
Mount Egmont in subalpine scrub remains to be decided. The two are certainly 
very closely allied, though of markedly different habitat. (4) var. Atkinsonii. 
This is a compound variety already referred to as being retained under salici- 
folia only because one of its jordanons may prove to be the type of that species. 
(5) var. Kirkii. Field evidence makes it clear that x Hebe Kirkii is a hybrid 
of the origin H, leiophylla x salicifolia var. communis. Plants referred to 
X H. Kirkii are the LS forms of the swarm x H, leiosala. 

Cheeseman places var. communis as a synonym of H. salicifolia, apparently 
regarding it as the type, although his general description obviously does not 
correspond with var. communis or any other jordanon, but is of a mixture of 
forms. Var. communis is a widely distributed South Island jordanon, and even 
if the type — very probably it is not — must retain according to our usage its 
varietal name. To speak of Hebe salicifolia in the usual loose way is thus to 
refer to a vast linneon; indeed its interspecific hybrids with //. macroura, 
IL angustifolia and other species often receive this all-inclusive and for most 
purposes quite useless bald naming. 

8. Problems connected with Distribution. 

While an 5 rthing like a full discussion of problems of distribution as revealed 
by field studies in New Zealand would lead us too far from the main purpose 
of this paper, a short reference seems demanded. The point we wish to stress 
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is that until the linneons forming so large a proportion of our flora, as given 
in the Manual ( 10 ), are much more fully analysed one cannot feel comfortable 
in drawing sweeping conclusions as to distribution within New Zealand itself. 
Still less are we in a satisfactory position as regards the many alleged ‘‘wides’' 
of the flora. This is the more necessary to point out as Willis (see, e.g. 59 , p. 56 
et seq.) uses New Zealand data very largely as a basis for his far-reaching and 
much-discussed theory of “ Age and Area.”^ 

That there are many unsolved problems as to the actual distribution of 
jordanons, for example, in New Zealand, both from the geographical stand- 
point and from the ecological will have become clear to those who have read 
thus far, and in conclusion a few more cases may be given to clinch the matter. 
It has only recently, for instance, become clear that as regards Rubtis australis 
there are distinct jordanons of more or less restricted range, some perhaps 
confined to North Island, some to South Island. Indeed as regards several of 
the “best known” species, e.g. Nothopa/nax arboreum, Carpodetus serratus, 
Veronica Lyallii, Melicytus lanceolatus, the jordanic distribution as between 
island and island is coming to the front. And as intensive work develops so 
the complexity of the matter becomes the more evident. The distribution of 
Coprosma pannjlora was simply expressed so long as no attempt was made to 
analyse that linneon — “abundant throughout.” But so soon as it became 
clear that C. rnyrtillifolia was distinct from C. parviflora proper it was 
realised how little we really know on the subject. The genus Alseuosmia, 
extending from North Cape to Westland, is one in which we are all at sea 
as to the status of the individual forms. Hybridism runs riot, epliarmony un- 
doubtedly plays a part, and the jordanons — whatever they may be — are 
probably, some or all, compound, while some at any rate are heteroblastic in 
development. The usual treatment in herbaria and floras is futile, and amounts 
merely to bringing together into groups specimens that more or less resemble 
one another. Cunningham ( 30 , p. 209) established the genus and sorted his 
material into 8 “species.” Hooker ( 42 , p. 109) reduced these to 4, and his 
treatment has been followed by subsequent systematists, with or without the 
recognition of “varieties,” Cheeseman ( 10 , p. 881) says, “The species are 
exceedingly variable and difficult of discrimination.” The genus would provide 
excellent material for any New Zealand botanist wishing to test the efiflcacy 
of the methods in this paper. He should, however, realise that this would 
be a matter of years not days and would prove a strenuous task: precon- 
ceived ideas would have to be abandoned. But until the analysis of this and 
other linneons is made they cannot serve for drawing conclusions as to “age 
and area” that will have more than speculative value. 

So too our knowledge of Poa caespitosa and species after species is, from the 
standpoint of this paper, in its infancy. In fact, it is little exaggeration to 
declare that the commoner a species is the less is known about it ! Would that 

^ We have in preparation a paper giving the views we have arrived at on this question. 
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the number of workers were commensurate with the number of pressing 
problems! And would that new workers, free from the thraldom of the 
dangerous herbarium artificial method, would come forth. 
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INTRODUCTION. 

The present is a preliminary account of the general features of the plant 
covering of Table Mountain, and of the relationships of the communities, 
especially in regard to succession. This account is of the nature of an intro- 
duction to more detailed studies of the problems arising in connection with 
the vegetation on this mountain and in the sclerophyll type in South Africa 
in general. Work on some of these problems is being undertaken at present. 

POSITION. 

Table Mountain, which rises to a height of 3586 ft. (1093-1 m.), lies about 
33-57 S. Lat. and 18*25 E. Long. It forms the northern end and highest point 
of the ridge that constitutes the Cape Peninsula. The mountain is well named as 
it is a flat-topped mass that rises very steeply from the sea on the west and 
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north, and from the flat, low-lying land that joins the peninsula to the main- 
land on the east. The summit of the mountain is only about three miles from 
the seashore of Table Bay. The summit lies on a fairly level plateau, extending 
two miles in the east and west direction, which drops very steeply in cliffs 
500-1600 ft. (150-450 ra.) in height on the north, west and east sides. To the 
south there is a more gradual fall to a lower plateau, with an altitude of 2000- 
2500 ft. (600-700 m.) which extends for some miles, though cut into by stream 
channels. This lower plateau is again bounded by cliffs but of rather less extent. 
Below the cliffs the ground is less broken but often of considerable angle of 
slope. 

GEOLOGYi. 

The physical features of the mountain are closely related to the geological 
structure. The mountain is formed by a mass of horizontal sandstone, Table 
Mountain Sandstone, which lies unconformably on older rocks. These older 
rocks consist of a coarse-grained granite that has been intruded into a series 
of rather contorted and highly tilted slates, Malmesbury Slates. The plateau 
and cliffs are composed of the Table Mountain Sandstone, the less broken 
lower slopes of the older, so-called Pre-Cape rocks. The sandstone is a hard 
quartzitic grit. 

SOILS. 

The soils vary very considerably with the character of the underlying rocks, 
though all are of the siliceous type. The Malmesbury Slates and granite give 
rise to a fine-grained rather claylike soil which is often of considerable depth. 
The granite soils contain a large admixture of gravel and arc easily weathered; 
in places the drainage channels have cut ^‘dongas” that may be 12-20 ft. in 
depth, with very steep sides. Practically all the soils on the lower slopes, and 
especially those near the drainage channels, have a considerable mixture of 
sandstone, either as blocks or more broken down, brought down from the 
cliffs above. Most of the soils are very full of stones. Every variety of soils 
can be found on these lower slopes from a stiff clay to an almost pure sand. 
Most agree, however, in being relatively deep. Indeed the deep penetration 
of roots is quite a notable feature; frequent examples can be seen of shrub 
roots at a depth of 10-15 ft. from the surface. The soils derived from the 
sandstone are coarse grained and generally shallow, though even here roots 
penetrate to considerable depths along cracks and joints in the underlying 
rocks. The amount of humus in the soils is very variable ; it is small in most of 
the granite and slate soils. On the sandstone, and especially at the higher 
altitudes and where moisture is present, a high percentage of humus is present. 
Some of the more detailed features of the soils are mentioned later in connection 
with the descriptions of the vegetation. 

1 Cf. Rogers and du Toil, 1909. 
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CLIMATE. 

The climate is a warm temperate one with the major part of the rainfall 
in the winter months and a relatively dry summer. Owing to the proximity 
to the sea and the frequent moist cooling winds in summer, the climate is 
equable and somewhat oceanic in type. The extremes of temperature are not 
great; the mean monthly temperature varies between 54° F. (12-2° C.) and 
69° F. (20-4° C.) with a mean maximum of 101° F. (37*6° C.) and a mean 
minimum of 34° F. (1*1° C.)^. Frost is unknown at sea level and even on the 
mountain the amount and severity of frosts are not great. Snow is of rare 
occurrence and, when it does fall, it melts and disappears very quickly. The 



Fig. 1. Rainfall. 


relative humidity is moderately high; the monthly means vary between 80-81 
in winter and 67-69 in summer. During the day in summer the relative 
humidity may fall as low as 35. Even in summer dew is of common occurrence 
on the mountain. 

Winds are frequent and often violent throughout the year. The prevailing 
winds are S. or 8.E., though W. and N.W. winds are frequent in winter and 
to these is due the rainfall. Wind, and especially the S.E. wind, is a marked 
factor in the climate. The strength and prevalence are noticeable in the form 


1 Knox, 1911. 
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of many trees and larger plants^. The cool S.E. winds in summer form a con- 
densation cloud on the mountain, the so-called “Table Cloth,” even when the 
atmosphere below is clear and relatively dry. This condensation cloud, which 
is especially frequent in summer, is a marked factor influencing the vegetation. 
Marloth^ has shown that these mists result in a very considerable deposition 
of moisture on the plants while an ordinary rain gauge recorded no precipita- 
tion. Even though the figures given may be open to question in regard to 
absolute accuracy^, there can be no doubt on the general question that these 
frequent mists do provide a source of water that becomes available to the 
plants and that they very decidedly modify the climate. The difference in 
freshness of the vegetation, and in the amount of water in the mountain springs 
after a period of S.E. mists and in a year when these have been few, or absent, 
is obvious to the most casual observer. 

Rainfall. 

The total rainfall recorded on different parts of the mountain shows a re- 
markable amount of variation for so small an area. The following figures taken 
from the published data of Stewart (1913) and of Cox (1922) will illustrate this 
feature. Stations on the north side of the mountain are: 

Cape 1\)wn (Fin; Station) 25*()4 in. (()51-2 inm.) 

Molteno Reservoir (500 ft.) a.3-10 in. (842-2 rnm.) 

Platteklip (750 ft.) 45* 12 in. ( 1 14() 0 mm.) 

While on the west side the figures arc : 

Camps Ray 24*25 in. {f)15*() mm.) 

Sea Point 24*45 in. ((>11*0 mm.) 

Much higher figures arc recorded on the eastern side : 

Kenilworth 47*09 in. (119()*0 mm.) 

Wynhero; 42*24 in. (1072*8 mm.) 

Newlaruls 52*20 in. (1925*8 mm.) 

On the mountain itself the following are records for a 19-year period: 

McTx*ar’s Reaeon (:i580ft.) 89*90 in. (2209*2 mrn.) 

Waai Kopje (9100 ft.) 09*19 in. (1757*4 mrn.) 

DLsa Head (2500 ft. ) 90*55 ft. (928*9 mm. ) 

Kasteel Poort (2489 ft.) 01*21 in. (1554*7 mm.) 

These figures bring out clearly the very much larger amount of moisture in the 
up])er portions and on the eastern slopes of the mountain. This increased 
moisture, which is the result of the increased precipitation, is accentuiited by 
the increased humidity resulting from the frequent mists on the mountain top 
and the shelter from the sun on the eastern slopes. The rainfall records, 
irrespective of the differences in total, all show the same character, namely a 
maximum precipitation in winter. The summer months, October to March, 
receive only about 25 per cent, or less of the total rainfall, and of this amount, 
a considerable percentage may be looked upon as non-effective, owing to the 
falls occurring as light showers or mist condensations that are very soon 

^ Marloth, 1908, etc. ^ Marloth, 1904, 1905. 3 Stewart, 190*1. 
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evaporated. The following tables give some details of the rainfall at stations 
on the mountain. They are based on data supplied to me through the kindness 
of the City Engineer of the City of Cape Town, to whom I take this opportunity 
of expressing my thanks. The stations are the Woodhead Dam on the lower 
plateau of the mountain, the Molteno Reservoir in Cape Town on the lower 
northern slopes, and at Kloof Nek, the junction between the mountain itself 
and the Lion’s Head. Among other features the much greater annual variation 
at the lower station is worthy of note. 


Table I. Rainfall at Woodhead Dam. 2413 ft. (735*4 m.). 

Average annual rainfall (32 years) 64-01 in. (1641 -09 mm.) 


Month 

Maximum 

Minimum 

Average 

Maximum 

87-53 in. (2283-2 mm.) 

46-92 in. (1191*76 mm.) 

No. of records 

f ^ 

above below 

10 in. 1 in. 

Minimum (254 mm.)(25-4 mm, 

Jan. 

in. mm. 

2-44 61-98 

in. 

9-97 

mm. 

253-24 

in. mm. 

0-24 6-10 

0 

5 

Feb. 

l-OJ 41-40 

4-18 

106-17 

0-13 3-30 

0 

10 

Mar. 

2-78 70-61 

6-26 

159-0 

0-29 7-37 

0 

3 

Apr. 

4-69 119-13 

11-39 

289-31 

1-20 30-48 

1 

0 

May 

7-27 184-66 

13-53 

343-66 

1-35 34-29 

6 

0 

June 

7-63 193-8 

22-52 

572-01 

3-29 83-57 

14 

0 

July 

8-86 225-04 

16-51 

419-35 

2-89 73-41 

13 

0 

Aug. 

8-02 203-70 

19-04 

483-62 

1-28 32-51 

8 

0 

SojA. 

6-36 161-54 

12-56 

319-02 

1-90 48-26 

4 

0 

Oot. 

5-02 127-51 

11-87 

.301-50 

2-19 55-63 

1 

0 

Nov. 

3-67 93-22 

9-36 

237-74 

1-00 25-4 

0 

0 

Dec. 

2-72 69-00 

10-34 

262-64 

0-29 7-37 

1 

6 



Table II. Rainfall at Molteno Reservoir, Cape 

Town. 



Average annual rainfall (38 years) 

33-09 in. (840-49 mm.) 



Maximum 


47-17 in. (1198-11 mm.) 



Minimu m 


21-72 in. (.551-08 mm.) 







No. of n 

'oorcls 






^ A_. 

above 

below 






10 in. 

1 in. 

Month 

Average 

Maximum 

Minimum 

(254 mm.)(! 

25-4mm, 


in. 

mm. 

in. mm. 

in. mm. 



Jan. 

0-96 

24-38 

6-87 174-.50 

Nil. 

0 

30 

Feb. 

0(i4 

16-26 

2-42 61-47 

Nil. 

0 

29 

Mar. 

1-11 

28-19 

3-25 82-55 

0-01 0-25 

0 

20 

Apr. 

2-60 

66-04 

6*88 174-75 

0-17 4-32 

0 

5 

May 

4-54 

116-32 

8-78 223-01 

O-OO 15-2-1 

0 

1 

June 

5-76 

146-30 

16-20 411-48 

1-00 25-4 

3 

0 

July 

5-17 

131-32 

11-12 282-45 

1-27 32-26 

2 

0 

Aug. 

4-26 

108-20 

11-57 293-88 

0-65 16-51 

2 

2 

8ept. 

3-10 

78-74 

7-37 187-20 

1-16 29-46 

0 

0 

Oct. 

2-07 

52-58 

5-14 130-56 

0-39 9-01 

0 

6 

Nov. 

1-60 

40-64 

6-04 153-42 

0-15 3-81 

0 

13 

Dec. 

1-27 

32-26 

5-62 142-75 

0-02 0-51 

0 

21 
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Table III. Rainfall at Kloof Nek, Table Mountain. 


Month 

1923 

1924 

1925 

1920 


in. 

mm. 

in. 

mm. 

in. 

mm. 

in. 

mm. 

Jan. 

~ 


0-55 

13-97 

0-93 

23-02 

0-38 

9-05 

Feb. 



0-18 

4-57 

0-24 

0-10 

1-35 

34-29 

Mar. 

— 


1-54 

39-12 

0-01 

0-25 

0-22 

5-59 

Apr. 



1-29 

:i2-77 

0-83 

21-08 

1-84 

40-74 

May 

(v95 

170-53 

2-51 

03-75 

2-04 

51-82 

5-23 

i:i2-84 

June 

812 

200-25 

5-20 

132-08 

8-10 

205-74 

1-83 

40-48 

July 

5*13 

130-30 

2-09 

5:i-09 

6-17 

150-72 

4-78 

121-41 

Aug. 

401 

101-85 

4-02 

117-;i5 

2-95 

74-93 


— 

Sept. 

3-71 

94-23 

2-91 

73-91 

2-38 

00-45 


— 

Oct. 

1-54 

39-12 

2-10 

53-34 

3-77 

95-70 


— 

Nov 

014 

155-90 

2-07 

07-82 

2-81 

72-22 


— 

Dec. 

0-25 

0-35 

Nil. 

0-02 

15-75 


— 

Total 

— 


25-00 

051-70 

:i0-85 

783-59 


— 


VEGETATION. 

Previous Work. 

The vegetation of Table Mountain is undoubtedly the best known and 
most studied in the southern part of Africa. The general features of the 
vegetation have been frequently described, and the similarities and differences 
that appear in a comparison with other regions of similar climate have often 
been mentioned^ Most of the earlier accounts are either of a very generalised 
kind or are primarily floristic. Two features have called forth general comment, 
namely, the great diversity and richness of the flora in a very small area^ and 
the great uniformity in the life forms and also leaf characters. From sea level 
to the mountain summit the uniformity in the aspect of the vegetation is a 
striking phenomenon^. 

Of work of a definitely ecological nature, the account given by Marloth in 
‘^Das Kapland” is by far the most complete and the most important^. In this 
work Marloth gives a full descriptive account of the vegetation of Table 
Mountain, but he does not pay very much attention to the phenomena of 
siKJcession and development which are emphasised at present. While many of 
the descriptive parts that follow are of necessity a repetition of Marloth’s very 
accurate observations, the different |)oint of view adopted and the changes 
brought forward in the scheme of classification of the plant communities are 
such that the repetition is warranted. Marloth makes a first division of the 
vegetation in accordance with the physiographic and geological features; the 
lower slopes, and the plateau and cliffs. In the former, lower slopes, he dis- 
tinguishes two types of vegetation: (1) “Macchia,” composed of large bushes 
or small trees which frequently have flat leaves, and (2) ‘'Hiigelheide,” com- 
posed of much smaller shrubs or bushes with a prevailing ericoid habit. This is 
treated as a subformation of the Macchia but distinct from that. He describes, 

^ References to older work in Bolus, 1905, Marloth, 1908. 

* Bolus and Wolley Dod, 1903. 

3 Cf. Engler, 1903; Diels, 1897. « Marloth, 1908. 
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however, examples where ‘‘Hiigelheide” develops naturally into Macchia, In 
his second division, ‘‘Bergregion,” he has three types: (I) ‘‘Felsenheide,” the 
communities of the sandstone cliffs and of the horizontal exposed sandstone 
of the summit; (2) "‘Bergheide,'* or communities of the plateau; and (3) Bog 
and streamside communities, Marloth also describes the forests which occur 
in the more sheltered kloofs. These he regards as belonging to a quite different 
vegetation type from the other communities. 

Some contributions to the ecology of Table Mountain have been made by 
Bews^ who has indicated some successional features. His accounts are rather 
in the nature of notes than detailed studies. In his earlier work he distinguished 
three climax communities: ‘Tellfield,” an essentially open community com- 
posed of lithophytes and chomophytes; Heath; and ‘‘ Macchia.'’ These 
correspond very closely to Marloth's “Felsenheide," ‘‘Hiigelheide,” and 
Macchia." The Bergheide is not regarded as a unit, as Bews points out it is 
composed of hygrophilous and xerophilous constituents. The forest is treated 
as a separate unit. In his later work^ he recognises three general successions, 
lithosere, hydrosere and psammosere. He further admits that the heath is 
frequently serai to Macchia and that Macchia passes into forest. Of other 
work, mention must be made of the account of regeneration of the vegetation 
after fire that has been done by MichelP on Signal Hill. The early stages of 
regrowth on a soil derived from Malmesbury Slates are described and some 
features of the succession are investigated. 

General. 

As has been mentioned, on a first glance one of the most striking features 
of the plant covering of Table Mountain is the uniformity of growth form; 
except in the deeper and more sheltered ravines there is a general absence of 
trees. The prevailing type is a shrub or bush with evergreen, xerophytic leaves 
which are usually of a small size. This uniformity of growth form is, however, 
accompanied by a great diversity of species. Not only is the total flora a large 
one^, but practically all the communities have a large and diverse population. 
In very few cases can one, or even a group of species be said to dominate in 
the sense of determining the growth and development of the whole community. 
These communities, with their large populations, give a first impression of 
extreme diversity and of apparent lack of direct correlation with the habitat 
factors. Further study shows that this lack of correlation is due to interference 
with the vegetation and to destruction of the communities of plants and 
alteration of the normal development. This interference has been very con- 
siderable in its extent so that there are very few, if any, portions of the moun- 
tain that can be regarded as in their primaeval state. The interference has been 
caused by the felling of timber or firewood, grazing, planting, and burning. 

1 Bews, 1916. » Bews, 1918. 1926. 

» Michell, 1922. * Ct, Bolus and Wolley Dod, 1903. 
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Of these, the last, fire, has been very much the most extensive and far-reaching 
in its effects. How long the occurrence of veld fires has continued is difficult to 
say, but it seems certain that the practice of burning the bushes has oontinue^ 
since the advent of the European settlers in this country nearly 300 years ago, 
and it is probable that occasional fires occurred before that time^*®. At the 
present time, and for many years past, some portion of the mountain suffers 
in this way each season. The result of these continually recurring fires is that 
the existing vegetation is made up of a patchwork of communities representing 
stages, more or less advanced, in the regrowth after destruction. Thus, on 
apparently identical conditions of soil, exposure, etc., are found adjacent 
communities, composed of quite different plants, due to the different time 
intervals since the previous fire. In no case has a community been noted in 
which direct reproduction takes place after fire. The effects of burning are so 
widespread and obvious that the other interfering factors appear of very much 
less importance. Their action has been certainly much more local ; some of the 
effects are considered later. As the result of tree planting and pasturing of 
stock, the native vegetation has almost wholly disappeared from the basal 
slopes on the north and east sides of the mountain. 

For purposes of description two general types of vegetation are recognised, 
namely, what may be termed the sclerophyll type which is by far the most 
abundant and extensive, on the one hand, and, on the other, the forests which 
occur in ravines for the most part. This division is that made by Marloth® and 
further his division of the sclerophyll vegetation into that of the lower slopes 
and that of the cliffs and plateau is also followed here. A few notes on planta- 
tions and introduced plants are added. In this preliminary account no attempt 
is made to give complete lists of the populations of the communities. These are 
often so large that the complete lists would tend to bewilder rather than to 
enlighten. Instead, only the most abundant and most characteristic of the 
plants are mentioned. The attempt is made to give an idea of the general 
physiognomy and structure of the communities with a view to elucidating 
their relationships to one another and to their habitats. For this end use is 
made of the statistical methods devised by Raunkiaer both as regards life forms 
and leaf sizes^. 

Sclerophyll Vegetation. 

Lower Slopes. 

Of the various sclerophyll communities of the lower slopes two stand out 
by reason of their greater complexity and less degree of xerophytism. These 
are the communities of large bushes among which the Proteaceae play the 
dominating role, and the open woodlands of the silver tree, Lemadendron 
argenteum. These communities are to be regarded as the climax types on these 

1 Cf. Marloth, 1908; MicheU, 1922; Botha, 1924. a Theal, 1882. 

» Marloth, 1908. * Smith, 1913; Fuller and Bakke, 1918. 
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slopes: the names ''Protea bush,” and Leucadendron argenteum groves” 
employed in a previous account may be used for the sake of convenience^. 

Protea Bush, This is the more extensive and will be described first. While 
considerable variations in composition occur in different examples, there is 
a general uniformity in the structure of this type of community. The domin- 
ating plants, which form the uppermost stratum, are large bushes or even small 
trees with evergreen leaves of a hard texture. The leaves are of the sclerophyll 
type though often rather large: they are typically isobilateral and placed in 
the vertical position. The bushes are from 1 to 4 m. high. The most abundant 
plants are Protea lepidocarpodendron, on the northern and western sides, and 
P, iucofnpta on the sheltered eastern slopes. The leaves of the former are much 
harder and thicker than those of the latter. Among other large shrubs of 
frequent occurrence are P. grandifiora, with large wax covered leaves, Leuco- 
spermum conocarpum, especially on sandstone talus, and less often Protea 
msllifera^ on sand at low levels, and P. speciosa at higher altitudes. 

These large bushes do not attain complete dominance. There are frequent 
gaps in the canopy which are occupied by smaller bushes. 

The communities on the sheltered eastern slopes exhibit considerable 
differences from those on the exposed western or northern sides, and will be 
described first. These are dominated by Protea incompta and are certainly the 
less xerophytic. There is a very dense growth that is arranged in several layers: 
the large Proteaceous shrubs form the top layer; below these in stature but 
occupying alternating positions are smaller woody plants of which Rhus 
tomentosa, R. lucida, and Passerina vulgaris are the most abundant. Widdring- 
tonia cupressoides is a not infrequent constituent here. Below these is a layer 
of undershrubs that often forms a very dense and almost impassable tangle. 
Among the most abundant are: Felicia aethiopicxi, Stoebe alopecuroides, Pelar- 
gonium cucullatuni, with Pteridium aquilinum^ Aristea capitata and a host of 
others in lesser quantity. The whole mass often becomes somewhat bound 
together by Cassytha capensis, Fagelia bitundnosa, Asparagus and other 
scramblers and half scramblers. On the ground below the larger bushes are 
herbaceous plants among which are a number of true shade species such as 
Crassula septas, Zantedeschia aethiopicay Cheilanthes mMltifiday Blechnum 
australcy and Haemanthus coccineuSy along with several species of Oxalis and 
other geophytes. 

The community as it is developed on the western slopes is of a much more 
xerophytic type and has a less complex structure. The dominating shrub, 
Protea lepidocarpodendrofiy is a smaller plant, rarely exceeding 2*5 -3 m. in 
height, and often less. The community is less distinctly layered: below and 
between the larger bushes is a dense growth of shrubs with small ericoid leaves. 
Metalasia muricatay Anthospermumaethiopwumy Stoebe fuscay and various species 
of Erica (E, baccans, E, petiveri, E. pluckenetii, etc.) are the most abundant. 

1 Adamson, 1925. 
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The shelter loving species such as Rhus tonientosa, Widdringtonia, AristeUy and 
Pteridium are quite absent. This feature is still more marked in the lowest 
ground layer, where, on the western slopes, sciaphytes are wanting; the ground 
layer is occupied by grasses and Cyperaceous plants with Oxalis variabilis, 
0. obtma, 0. bifida, and some other plants. Along stream channels on the west 
side the community approaches very closely to that of the eastern side. Here 
there is a much greater luxuriance and shade plants, ferns and others, are 
found. 

The floral composition of the communities on the two slopes is markedly 
different. For example, a list made on the east side contained 91 species of 
vascular plants while a corresponding sample on the west had 93. Of these only 
28 species occurred in both, a percentage of 18 of the total flora. This very 
small percentage of community is perhaps a little misleading : as the similarities 
of the floras are inucih greater than the numbers would suggest. A comparison 
of the lists of the two samples reveals the fact that while the species are 
different the genera are almost identical. In this exceedingly rich flora the 
presence of allied species in habitats of slightly different nature is of common 
occurrence and one that seriously complicates arithmetical statistics. 

There can be no doubt that the two types are very closely allied ecologi- 
cally. This is brought out by the similarities in the life-form spectra: 


Total 

M. 

N. 

(4i. 

H. 

G. 

T. 

E.i 

91 

4 

42 

11 

16 

20 

5 

1 Kast side 

93 

4 

37 

14 

18 

19 

7 

— West side 


[Note. The single epiphyte' is a parasite, (ef. Adamson and Osborn, 1922).] 

Taking the loaf size classes of the phanerophytes, the following percentages 
occur : 

Mie-rneso. Mie. Nano. Lepto. Compound 
Kast 4 22 28 32 16 

West 4 12 26 50 8 

The difference here expresses the increased xcrophytism of the west side. 
When these figures are considered along with the similarities in structure and 
ecological relationships, which are discussed later, it appears to be justifiable 
to group the two together and to regard them both as climax communities 
(associations) of a single vegetation type (formation)^. They are the resultants 
of the differing conditions on similar lines of development. 

Other variations of this climax type of community are found. On sandstone 
talus, and especially where blocks of sandstone occur, Leucospermum cono- 
carpu 7 n is the character plant. This plant has more the habit of a tree than 
Protea ; it forms a single main stem. The individuals in a community are 
separated from one another. The associated plants are very similar to those of 
the Protea communities but owing to the lesser degree of cover are of a more 
xerophytic kind. 

^ In this, and all tables, the percentage.s are calculated to the nearest whole number. 

2 Qi, Clements, 1916. 
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On the shallower and more sandy soils Protea grandiflora is the dominant: 
this plant extends on to the lower levels of the sandstone proper. 

Where conditions are suitable these Protea bush communities extend up 
to a height of 2300 ft. (700 m.). 

Leucadendron argenteum Groves. These are the only tree communities in 
the sclerophyll regions. At the present time the distribution of the silver tree 
is very limited. It occurs on various soils on the lower slopes in rather isolated 
patches. The only parts where the tree covers any extent of ground are on the 
Lion’s Head, at Kirstenbosch and Wynberg Hill, and on parts of the slopes of 
Orange Kloof. The tree is quite absent from the west slopes of the mountain 
proper, and never abundant on the northern side. Only in very sheltered spots 
does it occur above 1500 ft. (460 m.). 

Leucadendron argenteum is exceptional, not only in having the tree habit, 
but also in possessing leaves covered with silky hairs. Hairy leaves are quite 
exceptional among the larger plants of these sclerophyll communities. 

This tree forms open woodlands with no closure of the canopy and hence 
exerts a conaparatively small degree of influence on the development of the 
associated plants. These are for the most part the same as those occurring in 
the Protea bush. This Leucadendron community forms another climax unit 
here, though what are its exact relationships to the previously described types 
is a question at present not solved but one that is being investigated. In the 
majority of cases the community appears to be stationary or even decreasing 
in extent, though there are examples where reproduction of the character plant 
is occurring quite readily, and all ages can be found associated together. One 
phenomenon may be mentioned in passing, namely, the frequent occurrence of 
dead silver trees. Isolated individuals of various ages die off, while those 
around appear quite normal; this and other features of the plant are under 
investigation. 

Serai Communities. These bush or tree communities are the most complex 
and are regarded as climax communities, yet at the present time they are of 
limited extent and occupy a very small percentage of the total area of the lower 
slopes. A very much greater extent is occupied by simpler communities of 
small ericoid shrubs, of xerophytic monocotyledons, or others. These various 
communities are more xerophytic and occur for the most part on soils with less 
humus. All of them are regarded as stages in succession leading to the climax. 
Very few are examples of the primary successions ; the vast majority are stages 
of regrowth following destruction by fire. 

A fire attacking the climax Protea bush causes a destruction of the domin- 
ating shrubs. Protea lepidocarpodendron, P. incompta^ Erica spp. and many 
others show no power of sprouting after burning and can only reproduce them- 
selves from seed. On the other hand. Protea grandiflora regularly sprouts from 
the stool, while Leucospermum conocarpum, with its very thick development of 
cork, often survives a ground fire and continues growth. Trees that do this 
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assume an umbrella-shaped form owing to the destruction of the lower 
branches. 

After a fire many geophytes become very prominent for a time and take 
a prominent place in the early development of the vegetation. Many of the 
most prized of the so-called Cape bulbs only flourish and produce their flowers 
after a fire, for example, various species of Gladiolus, Watsonia rosea and other 
species are abundant and form a very noticeable aspect with their conspicuous 
flowers in the second season after a fire. Following a fire a number of annual 
plants become prominent and abundant. Generally annuals are not a con- 
spicuous part of this flora. After these annuals and geophytes, herbaceous 
plants attain an important place in the vegetation^. The most abundant are 
tufted cyperaceous plants and a few grasses such as Danthonia macrantha and 
Andropogon hirtus. Along with them are a number of herbaceous or sub- 
shrubby plants in considerable variety. Gradually, if no other fire disturbs the 
progress, a decidedly xerophytic community in which Restionaceae play the 
most important part, becomes established. The Restionaceae are associated 
with a number of ericoid or xerophytic shrubs which have arisen from seed or 
sprouted from shoots, among the commonest of which are Pelargonium 
cucullatum, Rhus lucid a. Erica imbricata, Aspalathus divaricata, Penaea 
muxyronata, and especially Anthospermum aethiopicum. Gradually the under 
shrubs and the ericoid type of shrub assume dominance and these in turn are 
invaded by the larger bushes and the climax is re-established. 

On exposed granite slopes on the western side a series of stages differing 
in some features can be traced. The Restionaceae and Cyperaceae here never 
attain the prominence they do on other parts, and especially on the more sandy 
soils. Instead, Elytropapp^is rhinocerotis, the rheiioster bush, becomes exceed- 
ingly abundant or even quite dominant after fire. This plant is one of the 
commonest in the south-western region as a whole and especially so in the 
burnt areas. After fire its spread is entirely from seed. On these western 
granite slopes the rhenoster communities become invaded gradually by other 
shrubs and especially by Cliffortia ruscifolia, Metalasia mmicata and Blaeria 
ericoides. These and others gradually attain increasing control and drive out 
the earliest species, but are themselves invaded and dominated by Protea 
lepidocarpodendron. One other series may be noted which occurred on a steep 
granite slope with much sandstone talus on a western exposure. Here the 
first stage after fire was a mixed community in which Watsonia rosea, Bobartia 
spathacea and Anthospermum aethiopicum were especially abundant along with 
some grasses and restionaceous plants. Gradually bushes became established 
and a mixed community developed in which the most abundant plants were 
Euryops abrotanifolius, Anthospermum aethiopicum, Rhus lucida, Osteospermum 
moniliferum with Metalasia muricata and some Leucadendron adscendens. This 
mixed shrub community became invaded by Leucadendron plumosum which 

^ Cf. Levyns, 1924. 
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spread from seed and assumed the dominating r61e. This was more slowly 
followed by Protea lepidocarpodendron. I am informed by several observers 
that the present great abundance and spread of Leucadendron plumosum on 
these slopes is a phenomenon of recent date and that 10-12 years ago this 
plant was rare and of very local occurrence. 

These various successions of regeneration after fire are dependent on the 
local conditions as to soil, etc. Some of the features of the soil during the 
process are worthy of note and are given in the following table : 


A. Sandy soil 

% humus 


1. Open Geophytes and Cyperaceae 

3-4 

40 

2. Restionaceae 

51 

4-25 

3. Ericoid shrubs 

90 

5-75 

4. Climax 

9-5 

5*75 

B. Granite soil 

1. Rhenoster 

3-5 

6 5 

2. Metahaia and Blaena 

3-95 

7 0 

3. Ericoid shrubs 

5*4 

5*5 

4. Climax 

()-4 

({•25 

C. Granite with sand 

1. BobarUa c^nd Mctala^m 

.jO 

7-0 

2. Mixed shrubs 

7*9 

6-75 

3. Leucadendron plumoaum 

8*2 

6-5 


4. Climax (not yet developed). 

The series of communities that have been mentioned are those that 
follow a single fire, but it very often happens that other fires destroy the 
vegetation before the climax is reattained. Fires may destroy the vegetation 
at any stage and result in many complications and variations in the attempts 
at redevelopment. The effects of fires and especially of recurrent fires are the 
impoverishment of the soil by reduction of humus, the increase in the liability 
to drought in summer and soil erosion in winter. The effects of fires in these 
directions are to some extent cumulative and tend to become more pronounced ^ 
For example, plants sprouting from the stool after fire are killed by a recurrent 
fire that destroys the young shoots, and seedlings arc destroyed before the 
flowering period. These and other results bring about the production of other 
kinds of community under such conditions, and especially of communities in 
which phanerophytes, and especially the ericoid shrubs, play a quite subsidiary 
part. Geophytes and hemicryptophytes are more resistant to fires. Many 
communities on these lower slopes in which Restionaceae predominate owe 
their existence to a succession of fires. On the more sandy soils the successive 
fires cause a great reduction of humus, the percentage falling as low as 2-4, 
and a great reduction in the water-holding capacity. For example, the satura- 
tion point of such a soil was found to be 28 per cent, of the dry weight while 
on an adjacent part that had escaped burning for some years it was 60-60 per 
cent. On such sandy soils the plant which obtains possession after fire is 
4^spalathus chenopoda, a shrubby plant with small pointed leaves. This may 

^ Of. Larsen, 1925. 
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Fig. 7. Succession after fire on lower slopes. In foreground Fig. S. Burn successions on plateau. In Ixackground cominunitv of 

Metalasia tnitrioifa, J^itryops aC 7 rnf,if 72 /o/izts. R/ii/s luciiCa, etc. Restionaceae on black sand. To right in front, vegetation three years 

Behind, advancing bushes of Reitc-^dcjub-ofi p/in?iosiun. The vitcr HeRpe^t n /n sPi c/osissi ttnt7,r in dt)\ver. On left a recent hr e. 
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form almost pure communities that only gradually become invaded by other 
plants such as Pelargonium cucullatmn, Montinia acris and others. Some 
grasses and annuals and rather weedlike herbs also occur. Gradually these 
pioneers become ousted by Lohostemon glaucophyllus, Metalasia muricata, 
Anthospermum aethiopicum, and some Restionaceae, especially Elegia juncea. 
The community which finally becomes established is characterised by an 
abundance of restionaceous plants and a number of small bushes, among which 
there is a marked absence of Ericaceae and of ericoid shrubs in general. 

On shallower soils, and especially on the granite soils, the communities 
appearing after recurrent fires are composed very largely of herbaceous plants, 
among which Bobartia spathacea, Tetraria ustulata, and Danthonia macrantha 
are especially abundant. Where fires are very frequent, an open community 
results in which Bobartia spathacea is the characteristic and very much the most 
abundant plant. 

There are many other communities of small xerophytic shrubby plants of 
various kinds which are the result of fires at varying stages of the development. 
Indeed, the great variety of communities that are found on these slopes is 
a result of the frequent occuiTence of fires. 

In any of these communities that form stages in the regrowth after fire 
there may be present individuals or islands of plants that represent survivors 
of the previous plant covering. 

Plateau, 

The habitat conditions on the plateau are somewhat different from those 
on the slopes. The underlying rock is sandstone, the beds of which are almost 
horizontal. The soil formed is always sandy but differs very much in depth. 
Where hard beds of sandstone are at the surface a very shallow soil results 
which often contains a high percentage of humus. Deeper soils are found over 
softer beds and on escarpments and talus slopes or the deltas of drainage 
channels. 

As was noted earlier, there is more moisture available both from the higher 
rainfall and the prevalent mists. This is evidenced by the large number of 
stream channels, many of which have running water for much longer periods 
than is the case below. The soils, too, tend to accumulate greater quantities 
of humus : the surface soil is frequently quite black and in some cases a definite 
surface layer of sandy peat is formed. The soil below such a peaty surface is 
leached to a large extent. Practically all the plateau soils are distinctly acid 
in reaction. 

In spite of these differences in the conditions the vegetation bears a strong 
general resemblance to that on the slopes in structure, form, and development ^ 
The stature of the plants is smaller, and Monocotyledons, and especially the 
Restionaceae, are very much more abundant. The great amount of the 


1 Cf. Engler, 1903. 
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Restionaceae gives a marked character to the vegetation of the plateau both 
in form and colour. 

The plateau communities can be divided into three groups: (1) communities 
on sandy soils; (2) those on exposed horizontal sandstones; and (3) the 
communities of flushes and sheltered spots under cliffs, etc. 

Commmdties on Sandy Soils. The community that can be regarded as the 
climax here is one made up of a considerable variety of shrubs, the majority 
of which have ericoid leaves. This is the most complex community and all the 
lines of development in the vegetation lead up to this. The actual constitution 
of this climax varies with the soil, slope, exposure, and other factors. In its 
most luxuriant form the shrubs produce a very dense growth of 3-4 ft. (1~1’5 m.) 
in height. While the ericoid is the prevailing leaf type, plants with larger leaves 
are present. Among those are Leucadendron concolor and L. salignum, which 
are locally abundant or even dominant. L. salignum is especially abundant 
where the climax has been reattained after destruction by fire. 

The soil in this climax is quite black in colour and has a high percentage of 
humus, 50 per cent, or more. 

There is not a very definite development of layers; the plants of smaller 
stature and of herbaceous habit occur between the bushes rather than below 
them. Lichens, some mosses, and a few geophytes form an underlayer. The 
population is a large one and varies from place to place. The following spectrum 
was obtained from an example on a sheltered slope with a S.E. exposure at an 
altitude of 2600 ft. (790 m.) : 

Total M. N. Ch. H. G. T. 

78 7 42 19 18 12 0 

The prevailing leaf form may be seen from the following percentages of the 
leaf-size classes of the larger plants: 

Meso. Mik-meso. Mik. Nano. Lepto. Oonipd. 

2 4 23 17 40 13 

Only a very few of the most characteristic plants can be mentioned. Erica 
is an important genus, among the abundant species of which are ; E. hispida, 
E. petiveri, E. coccinea, E. lutea\ also Scypkogyne inconspicua. Berzelia 
lanuginosa becomes almost dominant in the wetter parts. Other noteworthy 
plants are Penaea mucronata, Cliffortia ruscifolia, Anaxeton arborescens. Protea 
cynaroides, and a host of others. Among the herbaceous plants Restionadceae 
predominate with six or eight common species, Aristea capitata and Watsonia 
tabula, ris are also frequent. 

This ericoid bush community, with its absence of annuals and its soil with 
a high percentage of humus, is the analogue of the Proteu bush on the lower 
slopes. The differences are all such as are capable of correlation with the cooler 
and moister climate and the different types of soil. In structure and develop- 
ment there is a strong resemblance : the species of Leucadendron may be looked 
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upon as replacing the Proteas though they never become so abundant. On the 
other hand, in many features this community is directly comparable with the 
Heath communities of Europe: in the type of habitat, humus content of the 
soil, leached subsoil, life form, and structure. 

This climax is often destroyed by fire and its regrowth can be traced. The 
effects of burning and many of the stages of regrowth are very similar to those 
already described. Very few of the ericoid shrubs sprout from the bases; this 
does happen in some of the plants, e.g. Berzelia, Penaea, Protea cynaroides and 
some others. The behaviour of the hemicryptophytes and some of the chamae- 
phytes depends on the intensity of the fire and on the moisture conditions at 
the time. When a fire follows a damp period, only the upper portions of these 
plants are destroyed and they sprout up directly. But a more intense fire, and 
especially one following a drought period, does much more damage, most of 
the plants on or near the surface are killed and much of the humus is consumed. 
Severe soil erosion often results also due both to wind and to rain. 

In any case, after a fire there is a temporary increase in the geophytes, which 
form a marked and characteristic phase. The effects are in some cases quite 
remarkable; only one example need be quoted, Cyrtanthus angustif alius. This 
plant flowers abundantly immediately after a fire, though at other times it 
remains entirely vegetative and is very difficult to find. 

The destruction of the plant cover allows an entrance for many plants that 
find no place in the mature vegetation. These are light-demanding herbs, 
grasses and others. Among them mention must be made of Schizaea peciinata 
which becomes very abundant and forms a good fire indicator. 

After a severe fire these light-demanding plants, many of which are grasses 
or plants of grass-like habit, form pioneer communities with the geophytes. 
Such communities can be picked out from considerable distances owing to 
their paler, greener colour as compared with the dark shades of the climax 
and restionaceous communities around. On shallower soils and rocky places 
plants such as Othonna parviflora, Senecio grandiflorus^ Corymhium nervosum, 
and others take the place of the grass-like plants. 

Gradually the Restionaceae and Cyperaceae increase in importance and 
assume dominance in the intermediate stage of regrowth. The ericoid shrubs 
become re-established rather slowly among these plants. 

On the plateau where fires have been frequent in their recurrence and especi- 
ally where this has been long continued, the regrowth succession is altered. As 
on the lower slopes, so here to a greater extent, the humus is destroyed and 
much of the loose surface soil is removed. As a result regrowth is slow beyond 
a certain point which is rapidly attained. This is a community of low-growing 
plants. Tufted Restionaceae and Cyperaceae with Corymbium nervosum are 
the most characteristic. Small shrubby plants are present but not in sufficient 
quantity to give a definite character. Among the most abundant are Anaxeton 
arborescens, Penaea mucronata, Psoralea aculeata, Hermas villosa and Thesium 
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spp. An extremely characteristic plant here, and one at times very abundant, 
is Tetrana (her malis. This stands out among the small plants around with its 
large hard leaves and its very tall inflorescences. The rhizome, which is on the 
surface, is thick and protected by leaf bases and has great powers of resistance 
to fires. 


This type of community is very common and, owing to its rapid regrowth 
up to this stage and the slow development beyond, appears almost as a stable 
community. A comparison of the spectra of this type with that of the climax 


is instructive. 



Total 

M. 

N. 

Ch. 

H. 

G. 

T. 

Bum Comm. 

54 

0 

10 

32 

42 

16 

0 

Climax 

79 

7 

42 

19 

18 

12 

0 


Communities of this type show some variations in composition from place 
to place, but the general features remain the same and the type is easily 
recognised. It covers large areas not only on Table Mountain but also on 
all the mountains of the south-western district. 

That this is not a true stable type can be seen by a study of the changes 
that occur where burning has been prevented for some time ; humus is re-formed 
and small-leaved shrubs become much more abundant and spread at the 
expense of the hemicryptophytes. 

Communities on Horizontal Sandstones, Over considerable stretches of the 
more level parts of the plateau the horizontal beds of sandstone form the 
surface. The plant covering under such conditions shows differences on the 
upper plateau as compared with the lower one: differences which are due to 
the increased moisture on the summit. The summit plateau, which has an 
altitude of 3000 ft. (900 m.) and upwards, will be described first. 

These conditions afford a favourable opportunity for the study of the 
primary succession. On the rock surfaces soil accumulates slowly: it is first 
formed along cracks and joints, with the result that the appearance is pre- 
sented of vegetation along straight lines with bare lichen-covered rock between. 
These lichens may be looked on as the pioneers in the succession^ , but the first 
plants that can be said to cause an accumulation of soil are mosses, and 
especially tufted mosses. These are of various kinds; the most generally abun- 
dant are species of Cam/pylopus, Grimm, ia, Macromitrium,, and of Dicranum. 
Under favourable conditions these mosses form a continuous carpet along the 
cracks and extend out over the rock surface. This moss mat has a high water- 
holding capacity and tends to the accumulation of a soil that has a high per- 
centage of organic matter. Several small flowering plants obtain a nidus on 
this mat; Utricularia capensis and Drosera cuneata are abundant in wet places. 
The plant, however, which is mainly responsible for initiating the next phase 
in the succession is Ursinia nudicMulis, This is a plant with rosettes of leaves 
which grows on these mosses and gradually eliminates them. Ursinia is in its 
turn gradually suppressed by restionaceous plants which assume dominance 

1 Bews, 1916. 
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on the soil built up in this way. The actual species are rather numerous and 
vary with the conditions. The first-comers are tufted plants, those with more 
elongated rhizomes appear later. Restio compressus ultimately assumes 
dominance under moist conditions, but in drier places a mixed community is 
formed. Characteristic plants associated with these Restionaceae are Chrysi- 
thrix capmsis, Villarsia ovata, and Achneria capensis. 

As soil is formed by the activities of the plants in accumulating humus and 
weathering the rock, other plants make their appearance. These are largely 
small shrubs with ericoid leaves : among the more abundant are Erica coccinca, 
E. plucJcenetii, E. petiveri, E. empetrifolia, and others, Cliffortia ruscifolia, 
Penaea mucronata, Blaeria purpurea, and occasionally Brachysiphon imbricMus, 
Along with these are smaller plants such as Helipterum sesamoides, and Heli- 
chrysufn grandiflorum, and some geophytes. With inc^reasing quantities of these 
ericoid shrubs and associated plants the vegetation approaches a community 
very similar indeed to the climax described above. The difierences that occur 
can be correlated with the shallow soil and liability to summer drought. In 
the later stages, when this climax is approached Erica lutea is one of the pro- 
minent plants. 

Where the soil is damp and is composed almost wholly of organic matter 
the communities of Restionaceae become firmly established and remain in 
a more or less stable condition for long periods. 

The earlier stages of this succession appear as zones which tend to extend 
over the flat rock surface. The progress is limited by the water supply and is 
flu(;tuating. In a dry summer, such as that of 1925-6, for example, when there 
were very few S.E. mists, the moss edge is killed off in many places and the 
vegetation retreats. 

The flora of these rock flats is distinctly a hemicry])tophytic one. The follow- 
ing spectrum is based on lists of the flora on the ^‘Western Table” at an 
altitude of 3300 ft. (1000 m.): 


Total 

M. 

N. 

Ch. H. 

G. T. 

54 

0 

20 

18 40 

14 2 

The following table gives some indication of the changes that occur in the soils 
during the succession : 

Water at 

Coramunity 

% humus 

pH 

saturation 

(% of dry soil) 

Moss and Vrmnid 

S-5 

54) 

59*2 

Soil very thin 

Mo8s with Restion. 

8-1 

4 '5 

01 -.3 

Dense vegetation 

R(‘stion. and ericoids 

25-4 

4-75 

1280 

Reetion. and Penam 

2f)l 

00 

152-2 

Soil thin 

Restion. and Vilkirmt 

471 

4-5 

270-9 

Dense vegetation in a rock hollow 


Different succession phases are followed in wetter or drier parts. In hollows 
and by streams where permanent ground water is present, soil is formed more 
rapidly. Here the small pioneer plants become displaced by the very tall reed- 
like Dovea nmcronata. This often forms pure communities on damp soil ; by 
streams it is associated with Berzdia lanuginosa and on very wet soils with 
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Bulbinella robusta, Leptocarpus paniculatus, and others. On the other hand, 
under specially dry conditions, the mosses do not flourish and the early 
colonists are succulent plants, Rochea coccinea, Mesembryanthemum spp. and 
others. The soil which collects from the slow rock disintegration is colonised 
by xerophytic shrubs such as Cliffortia ruscifolia, Chrysocoma coma-aurea, 
Erica diosmaefolia, E. petiveri, and others. Species of Restio with a sprawling 
habit are often abundant and cover rock ledges. Felicia aethiopica and Selago 
spuria are abundant where shelter is provided. These communities occur on 
rock faces, on exposed rocks, and at the edges of the plateau. The succession 
here is very slow. 

Where soil is formed more rapidly communities showing every stage of 
transition between those on the rock surfaces and those described earlier can 
be found. 

These communities on the horizontal rock faces have been much less 
affected by fires than is the case with most parts of the mountain. Their escape 
is due to the discontinuous nature of the plant covering. The progress of a fire 
is stopped by the uncovered rocks. Where the vegetation has become con- 
tinuous the effect of fire on plants on such thin soils is most pronounced: not 
only are most of the plants killed entirely, but the humus is consumed. In 
the regrowth a number of plants not present at all in the original communities 
make their appearance. A single example may be quoted in illustration. The 
original community was composed of Restionaceae with a considerable ad- 
mixture of ericoid shrubs. Two years after burning a community of strikingly 
different appearance had developed : from a distance it stood out clearly pale 
green as contrasted with the dark unburnt portions. The most abundant plants 
were Stoebe cinerea^ Ursinia crithmifolia, Tetraria cuspidata, with scattered 
tufts of Danthonia macrantha, and Pentaschistis curvifolia. Along with these 
were frequent plants of Watsonia humilis, W. tabularis and Corymbium 
nervosum, Restionaceae were very inconspicuous and shrubby plants practically 
absent. In some places Ursinia nudicaulis was abundant and apparently 
tending to reproduce the original succession. 

Under the rather drier conditions of the lower plateau, the series of phases 
on this type of habitat is somewhat different. Mosses are very much less 
abundant and the soil formed contains much less humus. The pioneer stages 
are like those on the driest portions at the higher levels : plants with succulent 
leaves preponderate. Those that follow are xerophytic shrubs, among* which 
Cliffortia ruscifolia, Chrysocoma coma-aurea, Metalasia divaricata, and Cullumia 
ciliaris may be mentioned as abundant in the early stages. Later, other plants, 
including geophytes such as Agapanthus umbellatus, and Watsonia tabularis, 
become established, though the community remains one in which shrubby 
forms predominate as is seen from the following spectrum: 

Total M. N. Ch. H. G. T. 

57 0 32 23 26 17 2 
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This spectrum forms a marked contrast to that from the upper plateau for 
communities under parallel conditions. 

Flushes and Sheltered Rocks. On the plateau where shelter and permanent 
moisture are provided communities of a different general facies are developed. 
Such communities are of frequent occurrence but in most cases are of limited 
areas and their development and succession phases have not been studied in 
any detail at present. These are distinguished by their much less xerophytic 
character. The average leaf is much larger and much thinner, indeed, often 
typically mesophytic. Where fully developed, the community forms a dense 
growth of shrubby plants and large herbs among which very abundant iiieinbei s 
are : Cliff ortia odorata, Osmito'psis asteriscoides, Todea barbara, and several species 
of Erica. Senecio verbascifolius is abundant on sheltered rocks with a thin but 
wet soil. A plant of not uncommon occurrence in this kind of habitat is 
Cunonia capensis which is found up to a height of 3300 ft. (1000 m.). On the 
plateau this plant grows as a large shrub rather than a tree. Along with these 
there occur many of the more moisture -demanding species of the communities 
already mentioned, and many small plants which require continuous water 
supplies, mosses, ferns, orchids, small species of Erica, Kniphofia, etc. Moss- 
covered rock flushes form the habitat of some of the more showy species of 
Disa and other much prized plants. 

While every stage of transition can be found between these communities 
of broad-leaved almost hygrophilous plants and those of the open parts, the 
extreme form appears quite distinct both in structure and development. 

Cliffs and Rock Ledges. Sandstone cliffs occur on all sides of the mountain; 
they vary very much both in height and steepness. The plant populations of 
these cliffs for the most part are those of the drier portions of the upper parts 
of the mountain. They can be regarded as representing stages in development 
that are prevented from advancement beyond an early phase by the lack of 
soil and physiographic features. In addition to absence of soil, the plants have 
to withstand the recurrence of periods of considerable drought. Correlated 
with this is the presence of a number of succulent plants that act as pioneers, 
e.g. M esembryanthemuni spp., Othonna arborescens, Senecio crassulifolius, 
Cotyledon hernisphaerica , Crassula spp., etc. In addition there are a certain 
number of plants that have their most characteristic habitat here and may 
be regarded almost as chomophytes : e.g. Euryops pectinutus, Coleonema album,, 
Helichrysum spp., etc. 

The most general vegetation is composed of xerophytic shrubs, of which 
Cliffortia ruscifolia, Coleonema album, and Euryops abrotanifolius are very 
abundant. The communities, however, show great variations in accordance 
with the exposure and the moisture conditions. On sheltered cliffs, even on 
the exposed sides of the mountain, quite a number of shade plants are found and 
even forest trees. For example, on the south face of a buttress on the western 
side of the mountain numerous bushes and small trees were present. Of 
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26 woody plants found here, 7 were forest trees, 7 shrubs associated with the 
forest ; of the remainder 9 were typical sclerophylls and 3 plants found on the 
plateau. Numerous smaller plants also occurred which likewise included shade 
plants, succulent chomophytes and others. Without going into any details, 
this example will serve to illustrate the features of the vegetation of these 
cliffs. On them there occur phases of development of all the communities of 
the sandstones. Owing to the nature of the habitat these communities are of 
very limited extent, and, except quite locally, development does not progress 
beyond the earlier stages. Wherever a possibility of advance, however, is 
given, indications of the later stages are present. The actual plant groups that 
occur are small fragments of communities from very many phases of the 
successions, each determined by the local conditions, and together forming 
a very mixed assemblage. 

Forests. 

Forest communities occur in the deeper ravines and kloofs on all sides of 
the mountain. The fullest development is attained on the sheltered eastern side 
and in the deep kloofs on the south; here the forest extends beyond the con- 
fines of the ravines on to the open slopes^. On the more exposed sides, except 
for a few isolated patches, forests are confined to the stream beds. Forest is 
also found on the plateau in the shelter of steep cliffs up to an altitude of 
2300 ft. (700 m.). 

The forest forms a community in marked contrast to any of those so far 
considered, both in the plant form and also in the leaf-type and floristic com- 
position. Instead of the small xerophytic, dull-surfaced type of sclerophyll 
leaf, the trees are characterised by the possession of evergreen elliptical leaves 
with a dark polished surface. These leaves are typically glabrous, at any rate 
on the upper sides, and are simple. A few have compound leaves, e.g. Cunonia 
capensis, but in such cases the leaflets conform to the general type. The size 
varies, but the average is distinctly larger than the sclerophylls. The following 
are percentages of the leaf-size classes of the forest trees: 

Total Meso. Mic-meso. Mic. Nano. Lc^pto. Compd. 

U 12 21 m 3 0 9 

* 

Of these 34 species, 4 only have hairs on the upper surface, and only 1 has 
stomata on the upper side. This plant, Gymnosporia buxifolia, is one that 
occurs in a great variety of habitats and is by no means confined to the forest 
communities. On the other hand, of 25 flat-leaved sclerophylls from the 
Protea bush, 14 had stomata equally distributed on both sides. 

The texture of the leaves of the trees varies but is in most cases thinner 
than the sclerophylls and this is especially the case with the more water- 
demanding trees. Deciduous trees are rare; the only truly deciduous tree is 
CeUis rJiaynniJolia, which has a very restricted distribution here^. 

1 (T. Marloth, 1908. a L. Bolus, 1923. 
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In these forests no single tree can be said to be dominant. The canopy, 
which is dense and continuous, is made up by a considerable variety of species^. 
The external level of the canopy is markedly irregular, some trees attaining 
a greater height than others. The composition of the forest varies with the 
degree of moisture : on the wettest parts Cunonia capensis is the most abundant 
and may form locally pure stands, while in. drier conditions Olea capensis, 
Podocarpus latifolius, Olinia cymosa and Elaeodendron capense are the most 
abundant. The largest leaved trees, Curtisia faginea and Ocotea bullata, occur 
mostly as undertrees. This is at any rate in part due to felling; both of these 
are valuable timbers and of slow growth. Felling is also accountable for the 
comparative rarity of Olea laxirifolia and the absence of large trees of Podo- 
carpus latifolius. Both of these are exceedingly characteristic trees in the 
forest of the south coast regions. 

Undertrees are a feature of these forests and add to the density of the 
canopy: such plants as llalleria lucida, Maurocenia frangalaria, Scutia indica, 
and others are confined to this layer. Shrubs as such do not form a definite layer 
and are often conspicuous by their absence, except in openings in the canopy 
where they are numerous and varied. Shrubs occur along streams in the forest. 

In the moister parts lianes are of frequent occurrence: Secamone alpini, 
which has polished leaves of the same type as the trees, and Rhoicissus capensis, 
with large thin leaves, are the most abundant. Both of these form woody 
climbing stems that festoon the tree stems and branches forming what are 
popularly known as ‘‘monkey ropes.’’ 

The undergrowth varies with the soil, moisture, the degree of exposure and 
of shade. The plants are herbaceous, not shrubby, and mesophytic or even 
hygrophytic. Amongst the commonest are: KnowUonia vesicatoria, Antholysa 
aelhiopica, SchoenoxipJiiim^^ capense, Nemesia lucida, and Zantedeschia aethi- 
opica. Ferns are exceedingly abundant in the wetter parts and occur in con- 
siderable variety, including the tree-fern Hemitelki capensis and several filmy 
ferns^. On wet rocks, in addition to filmy ferns, there are numerous bryophytes 
and Peperowia retusa. 

Epiphytes are not infrequent on the tree stems though the number of 
species growing in this way is not great. Polypodium lanceolatum is the most 
frequent, but several of the rock-growing plants may occur as epiphytes. 

The following are spectra based upon lists of forests on the eastern 
side of the mountain above Kirstenbosch. The first is a general list while in 
the second those plants that only occur in openings or at the margins, are 
excluded : 

Total MM. & M. N. Ch H. G. T. E. 

117 38 20 5 22 11 2 2 5 

80 45 10 1 28 14 0 3 

The forests on the northern and western slopes of the mountain are much 
1 L. Bolus, 1923. 2 cf, Compton, 1924. 
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more limited in extent and, with very few exceptions, are strictly confined to 
the ravines. They are of exactly the same type but are less luxuriant and with- 
out many of the more markedly hygroph)d;ic features. Ferns are much less 
abundant, tree ferns are wanting, and Hanes and epiphytes are scarce or 
absent. There is less variety among the trees and the larger leaved species 
are wanting. 

Forests of a still more xerophytic type occur on the exposed sides, here 
and there, on boulder talus. These are small isolated patches. In them the 
dominating plants are small trees or even large bushes not more than 12-15 ft. 
(3*5-4-5 m.) high. The larger patches are very dense and difficult to penetrate. 
The trees are the most xerophilous species : Olea verrucosa, Elaeodendron 
capense, Mauroceniafrangularia, and others, and are accompanied by a number 
of bushes which only occur at the margins of or outside the main forests. 
Lianes are absent except for scrambHng Asparagus, and epiphytes are only 
represented by numerous Hchens. Owing to the nature of the substratum, 
boulders, and to the dense shade, ground vegetation is limited in quantity 
though true shade species do occur in crevices. 

The forests in the sheltered spots on the plateau are of a very similar nature 
to those on the slopes. They occur on boulder talus. Most of the typical forest 
trees are present with the exception of the most hygrophilous. In these 
plateau forests Podocarpus latifolius is very abundant, more so than on the 
slopes. Whether this is a real difference or is the result of the cutting out of 
this tree in the more accessible places is at present rather an open question^. 
Podocarpus, either alone or associated with some other trees, occurs frequently 
in small patches in shelter up to 2700 ft. (820 m.) especially among boulders, 
or by streams. In the forests proper and in these small patches there is a shade 
ground flora with many ferns. 

A comparison of the floras of these forests in various situations reveals the 
fact that the only species that occur in the more exposed places which are not 
found in the main forest may be looked upon as invaders from sclerophyll 
communities. The trees composing the forests in the more exposed situations 
are those found in the driest parts of the main forest and especially at the 
margins. Fof example, at Kirstenbosch, the edge of the forest that extends 
beyond the ravine is characterised by an abundance of Elaeodendron capense, 
Olinia cijmosa, Maurocenia frangularia, and others. These trees, with Olea 
verrucosa, are the chief constituents of the forests on the more exposed slopes. 
These, and other points, which need not be elaborated, lead to the conclusion 
that the more xerophytic type of forest represents a stage in the succession 
that culminates in the hygrophilous type. Under the dry conditions on the 
north and west slopes the ultimate climax cannot be attained, except in a few 
situations where permanent ground water and a great degree of shelter are 
provided. 


' Cf. Bew0, 1916. 
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There is no doubt that the forests that exist on the mountain to-day, re- 
present only the remains of a once much more extensive community^ . Evidence 
for this can be got from many sources. For example, on the slopes of Orange 
Kloof there are isolated patches of forest separated by simpler communities 
but with no distinct change of habitat conditions. Again, at Kirstenbosch, 
some of the ravines are completely filled by forest, while others, with apparently 
identical conditions, contain only isolated patches or strips of trees. Indeed, 
on practically any part of the mountain, evidence of the former greater exten- 
sion of forest is obtainable. Destruction has been due to felling to some extent 
but fire has been much the most extensive and complete agent and especially 
so on the upper portions. 

On the lowest slopes ground that may at one time have been occupied by 
forest is now largely taken up by alien trees, either in plantations or in self- 
sown communities derived from originally planted trees. These are considered 
later. 

Native vegetation that occupies ground at one time held by forest is of 
many kinds. Where fires have been severe and frequent the forest has totally 
disappeared and its place has been taken by sclerophyll communities. There 
are places, however, where there is evidence of a regrowth of the vegetation 
towards forest. As a marginal zone to forest patches, and along streams where 
forest does not now occur, there is a community that can be regarded as a 
forerunner of forest. This is made up of bushes of large size, and decidedly 
less xerophytic than those of the Protea bush. Characteristic plants are: 
Podalyria calyptrata, Cluytia pulchella, Phylica buxifolia, Gymnosporia laurina, 
G. buxifolia, Poly gala inyrti folia, Pelargonium cucullatum, Rhus tonientosa, and 
Cussonia thyrsiflora, with several others. Along with these bushes are many 
smaller plants which are very characteristic: Senecio rigidus, Salvia aurea, 
Leonotis leonurus, Lobostemon montanus, and in rocky places, Arciotis as per a, 
to mention only a few. Several bushy plants typical of the sclerophyll com- 
munities occur here also but never approach to dominance over these less 
xerophytic species. The following percentages of the leaf-size classes of this 
kind of community will help to emphasise its distinction from any of those of 
sclcrophylls : 

Meso. MicMetjo. Mic. Nano. Lcpto. Compel. 

y 28 28 3 28 

This community is very dense and little light penetrates to the ground, 
and undergrowth is almost confined to spaces; in these there occur Aniholysa 
aethiopica, Knowltonia vesicatoria, Zantedeschia, and many of the less hygro- 
philous shade plants. 

Climbers and scramblers are rather abundant in this community and these 
with the dense growth of the bushes produce a thicket by no means easy of 
penetration. The commonest climbers are plants with herbaceous stems among 

1 Cf, 1882; Marloth, 1908. 
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which mention may be made of Microloma sagittatum, Cissampelos capensis, 
Fagelia biUiminosa, species of Asparagus, and the ubiquitous Cassytha capensis; 
Cuscuta africana is also common. 

When this community is dense and extensive, forest trees occur among the 
shrubs. Olea verrucosa, OUnia cymosa, and Elaeodendron capense are the most 
abundant but Royena lucida, Hartogia capensis, Rapanea melanophloios, and 
Maurocenia frangularia also occur. The presence of these trees, together with 
the distribution of this community, seem clearly to point to its being a stage 
in the re-establishment of the climax. 

As might be expected, it is on the more sheltered side of the mountain that 
the most obvious stages of forest regeneration can be traced. This shrub com- 
munity becomes very luxuriant and tall and the undergrowth has an abundance 
of Pteridium aquilinum. Another plant that is especially frequent along streams 
is the tree Virgilia cxipensis: this with Podalyria calyptrata forms a woodland 
of light canopy beneath which many shrubs and other plants flourish ; especi- 
ally abundant are Plectronia ventosa, Psoralea pinnata, and Gymnosporia 
buxi folia. Exceedingly similar communities of Virgilia form forerunners of 
the forest regeneration at Knysna where the forest climax is the dominant 
vegetation type. 

These shrub communities, though stages in the forest regeneration, are not 
the pioneers after destruction by fire. The earlier stages can be traced on parts 
of the sheltered side of the mountain where forests have been recently destroyed. 
The first communities to develop are composed of a mixed assemblage of herbs 
and undershrubs among which Pelargonium cimillatum, Aristea capitaM, 
Cliff ortia odorata and Pteridium aquilinum are prominent. Into this community 
Podalyria and other shrubs invade and gradually become established. Wid- 
dringtonia cupressoides , though a marginal plant in the forests, is prominent 
in these regeneration communities. It has considerable power of fire resistance, 
sprouting from the stool when the upper parts are killed. 

Evidences of a primary succession to forest are rare but one example may 
be quoted. This occurs on the ridge of boulders on the east side of the mountain 
that provides the habitat for Aloe succotrina. Here, as was noted by Marloth^, 
the forest is extending over the boulders. These become covered by lichens and 
mosses and on these several shade-loving species become established. The trees 
obtain a foothold in the clefts between the rocks; those that are advancing 
here are chipfly Cunonia capensis, associated with Cluytia pulchella, 'Gymno- 
sporia buxifolia and other bushes. Olea verrucosa also occurs here. 

The Aloe apparently represents a pioneer stage; at any rate it is being 
killed off by shade in its original habitats. A comparison of a photograph taken 
here in 1908 by the late Prof. Pearson with the present appearance affords 
very clear evidence of the recent advance of the trees. 


^ Marloth, 1906. 
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Plantations and Alien Plants. 

There is no necessity to enter into any details in regard to these. The basal 
slopes on the northern and western sides of the mountain have been very largely 
occupied by non-indigenous trees. By far the most abundant are Pmus pinm, 
P, pinaster, and Quercus robur. The last is in ravines or quite at the base. 
Plantations, chiefly of Pinus pinaster, have also been made round the reservoirs 
and at other places on the plateau. Other trees planted on the slopes are Pinus 
halepensis, P. insignis, and other species, also several species of Eucalyptus 
and of Acacia though these are much less extensive than the conifers. 

The ])lanted trees grow fast and soon eliminate the native vegetation. 
Some of the geophytes, Ornithogahmi, Albuca, Fcrraria, Moraea, etc., hold 
their plae.e but with few exceptions the larger native plants will not withstand 
the shading and are driven out. Myrsine africana persists to some extent but 
most of the native shrubs are confined to openings in the canopy. 

Some of the introduced trees arc spreading out by self-sown seeds: this 
is notably the case with Pinus pinaster, and rather less with P. pinea. This 
spread from seed is often very rapid and these trees are in many places tending 
to dominate and driv(‘ out the native flora in stations near planted or established 
trees. This spread is certainly assisted by the reduction in com])etition brought 
aJjotit a-s the result of fire. The climax and more complex communities appear 
able to withstand th(^ ])ines. The distance travelled by the pine seeds is not 
great; seedlings have only been noted in the vicinity of parimt trees. 

Pinus pinaster occairs on the summit of Table Mountain, but its presence here 
is a relic from a ])lantation on the plateau which was destroyed by fire some 
years ago. The few survivors are now producing seed and spreading locally. 

Pines are not the only non-indigenous plants that are spreading at the 
expense of the native vegetation. Another that is doing so is // akea. The original 
introdiK^tion of this plant has a less obvious object but it is certainly one that 
has come to stay. Three species are present on the lower slopes of which 
II. pectinaUi is the largest, commonest and the most important;. This plant is 
spreading rapidly on tlie w(‘stern side from sea level up to about 1200 ft. 
(360 m.). It is a large, raj)idly growing bush that flowers and fruits very freely. 
In parts it has formed closed communities from which all other plants are 
excluded. Elsewhere it spreads into the native communities and its rapid 
growth enables it to overtop its competitors and maintain a firm hold. 

In several places Hakea and Pinus pinuster are competing with the native 
shrubs in areas recovering from fires. The much more rapid growth of the 
aliens renders their ultimate domination the probable result. 

The spread of Hakea is assisted by fire. The extremely resistant fruits open 
after burning and the seeds germinate at once. 

The much smaller Hakea acicularis is spreading fast on the lower slopes on 
the sheltered side, but at present it does not appear likely to attain dominance. 

20—2 
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An investigation of the spreading and general behaviour of Hakea 'pedivmia 
is at present in progress. 

Several other introduced trees and shrubs are spreading but to a much 
more limited extent: Albizzia lophantha, Acacia cyclopis, A. decurrens^ Populus 
cnnescens, and Genista canariensis are examples. 

Of the herbaceous and smaller introduced plants little need be said. Few 
of them have extended beyond the immediate vicinity of disturbed land. 
A few grasses have, at any rate temporarily, established themselves on the 
ground disturbed in the works carried out in the building of the reservoirs on 
the lo wer plateau : Dactylis glomerata and Holcus lanatus are the most abundant. 

GENERAL CONSIDERATIONS. 

From the foregoing account it will be apparent that in many features the 
existing vegetation of Table Mountain has been very considerably altered as 
compared with what must have been its original condition. This alteration is 
shown in many features and evidences can be obtained from many sources. 
Of the most obvious features it will be sufficient to mention the almost com- 
plete occupation of the lowest slopes on the north and east sides by foreign 
trees and the accompanying disappearance of the native flora, and on other 
parts the very small area occupied at present by the climax communities. This 
in itself, on an ancient and stable land surface, is evidence of destructive 
change. In an attempt to reconstruct the original vegetation, very little 
assistance is to be obtained from the rather meagre descriptions of the older 
botanical travellers, though these do give some indications. Thus BurchelP, 
writing in 1810, describes Aulax and other shrubby plants growing at the top 
of Platteklip gorge on the top plateau w'here they certainly do not grow at 
present. Again, B unbury in 1838 mentions especially the abundance of Disa 
unijlora on the summit plateau where, at present, he would be a lucky person 
who could find a single specimen. These and other observations that could be 
quoted all tend to confirm the great amount of change that has occurred. 

As has been emphasised, by far the most effective agent of change has 
been the frequent burning of the vegetation. The effects of this need not be 
repeated; they result in the retrogression of the normal succession and an 
impoverishment of the flora. Other factors have operated also. Picking and 
uprooting of flowers or plants for sale has undoubtedly caused a retreat of 
many of the more conspicuous plants to the less accessible regions but has not 
been sufficiently extensive to alter the character of communities. 

Grazing of cattle and goats is a more important factor and one which has 
increased considerably in intensity on the lower slopes in recent years. This, 
again, tends to prevent the development of the communities of the later phases 
of the succession and encourages hemicryptophytes and others with greater 
powers of vegetative propagation as opposed to the shrubs. Another factor 
* Burchell, 1822 . * Bunbury, 1848 . 
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which has caused not inconsiderable change is the cutting of timber and fire- 
wood. A marked feature of all the sclerophyll communities is the absence of 
trees. This has been discussed fully by Marloth^ and there is no reason to doubt 
his view that the absence of trees is very largely artificial. Many of the 
dominating plants of the climax can attain tree stature, Protea grandijiora 
and Leucosperrnum conocarpum, for example, and the more xerophytic forest 
trees might occur in this community. Indeed relics of such tree growth are 
still to be found. 

As regards the vegetation, when full allowances have been made for the 
alterations and modifications that have been brought about, a general uni- 
formity in type is clear^. The growth forms and physiognomy of both climax 
and developmental stages are very similar from base to the summit of the 
mountain. In each case the climax is a bush community of the hard-leaved 
sclerophyll type though the ericoid leaf is very frequent or even dominant in 
the upper regions. 

The comparison between this vege^tation and that other sclerophyll region 
has often been made^’ ^ and the similarities between the vegetation of the lower 
slopes especially and the Macchia of Corsica^ and the Chaparral of California^ 
for example, is most striking. This comparison has been accepted generally 
as representing a real unity of type, as is shown by the use of the term “Mac- 
chia'’ for these communities®. The second type of vegetation on these slopes, 
Marloth’s “ Hiigelheide,” is on a different basis. This is definitely composed of 
developmental stages that culminate in the “ Macchia.” The distinction between 
“garigues” and “macchia,” here, that is made by Warming and Graebner’^ 
is also merely a separation of serai communities. 

While the similarities are very striking there are many points of differen(;e, 
so many indeed, that it is perhaps inadvisable to introduce the Mediterranean 
term “Macchia” for the South African communities. If a vernacular term is 
needed the local name of “ Fynbosch” is more suitable. 

As compared with most of the other sclerophyll regions, the absence of tree 
growth is a decided feature. While this is partly secondary, it is still exceedingly 
improbable that forest growth was ever general as is the case in Australia® and 
in many parts of the western Mediterranean^. 

The communities on the plateau, while possessing strong similarities of 
type yet exhibit many distinctive features. The climate in which they develop 
is considerably more humid than that typical of sclerophyll vegetation. This 
allows a much greater accumulation of humus in the surface layers of the soil, 
and further, results in the predominance of the ericoid and reed types of life 

^ Marloth, 1908. “ Engler, 1903; Drude, 1897. 

® Schimper, 1898; Grisebach, 1878, etc. “ Rikli, 1903. 

^ Cooper, 1922. ® Marloth, 1908; Bews. 1916. 

^ Warming and Graebner, 1918. 

* Diels, 1906; Adamson and Osborn, 1924. 
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form. In all these features this vegetation shows a distinct approach to the 
conditions in the Heath types in northern and western Europe. It occupies 
a position and structure intermediate between the typical sclerophyll and the 
heath of the cool oceanic climate. There seems no logical reason for the separa- 
tion of the open communities of the plateau (the '‘Fellfield” of Bews^) which 
are earlier stages of development often prevented from advance owing to the 
edaphic conditions. 

The question of the relationships of the forests to the sclerophyll com- 
munities on the one hand, and to those of other regions on the other, is a more 
disputed one. The majority of writers have considered these forests as belong- 
ing to a wholly different vegetation type or formation^ from the Protea bush 
and its associated communities. This is the view taken up by Marloth^, 
Schimper^, Drude^, and more recently by Shantz®. These forests are very 
different from the sclerophyll forests of other regions and indeed may be said 
to possess no sclerophyll characters at all in their full development'^. They have 
an entirely different leaf form and are much more hygrophilous in nature. 
Their flora too is quite different from that of the sclerophyll communities. The 
comparison with ‘"Laurel” forests® or with subtropical rain forests® is certainly 
much closer. The distinction in form, structure and population applies not only 
to the forest climax but also, to a large extent, to those communities that are 
regarded as stages in the development. On the other hand, there is no doubt 
that forest at one time occupied habitats that are now covered with typical 
sclerophyll communities. Also there are many traces of developmental phases 
of forest or allied non-xerophytic communities at various places in the sclero- 
phyll region. This must not be taken to imply that the sclerophyll vegetation 
would ultimately advance to forest. It rather indicates that the climatic 
conditions existing on Table Mountain are such that any increase in moisture 
either from springs, shelter or otherwise, introd.uces a climate favourable to 
forest. In other words, the climate here is almost intermediate between that 
producing a typical sclerophyll climax and that of the forest climax. This is 
emphasised by a comparison of Table Mountain with the mountains further 
inland when it appears that the communities here, except for those on the 
most exposed sides, are less xerophytic and more luxuriant. The climate of 
Table Mountain as compared with the mountains on the mainland is tempered 
both by its high rainfall and by its proximity to the sea which gives a higher 
average humidity and results in very frequent summer mists. The sheltered 
side of the mountain especially has a climate much more humid than that 
supporting a true sclerophyll vegetation and this is reflected in the luxuriant 
communities and prevalence of forest. The limitations of forest area and the 

^ Bews, l.c. ^ Clements, 191(). ® Marloth, l.c. ^ Schimper, 1908. 

s Drude, 1897. s Shantz and Marbut, 1923. 

7 Schimper, 1898, 1908; Drude, 1897; Tansley, 1912; Cooper, 1922; Diels, 1906. 

» Warming and Graebner, 1918. Schimper, 1908. 
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establishment of communities of the sclerophyll type after their destruction 
are both explainable by the same causes. When a forest is destroyed by fire 
or by felling, the resulting removal of cover allows increased desiccation, 
oxidation of humus, an increase in water run off, and soil erosion. These factors 
acting together may well limit the redevelopment of the more hygrophytic 
type in conditions that are always near the limit of dryness for it. 

The extreme view expressed by Hardy ^ that the whole of the slopes were 
at one time clothed with forest and that all the shrub communities have 
developed after its destruction is much too sweeping. There is no evidence that 
the forest ever extended beyond the kloofs and ravines and a few especially 
favoured spots on exposed sides of the mountain. The climax here, as has been 
mentioned, did probably contain, once, plants of tree form, and included some 
of the most xerophytic of the forest trees, but the presence of these cannot be 
taken to indicate that the succession would ever advance beyond a tall bush 
community of the type described. Even on the sheltered side of the mountain 
there is not any evidence obtainable that the Protea bush undergoes develop- 
ment to forest. This community undoubtedly shows many points of similarity 
with the communities leading to forest, in the presence of many shade plants 
and plants of mesophytic rather than xerophytic structure. The development 
from some of the earlier phases may proceed towards one or other of the climax 
communities according to the local climatic conditions, but when the more 
complex sclerophyll communities are developed, even the most sheltered forms 
of them, the forest series does not appear capable of invading them. There is, 
of course, a transition zone, where mixed communities are developed between 
the two. 

The parallel development of vseraps of forest and of sclerophylls on the 
cliffs which was described, further indicates how close the conditions on the 
mountain are to those necessary for each of these types. 

The communities of broad-leaved plants in shelter and by flushes that occur 
on the plateau seem to bear the same relation to the heath-like communities 
that the forests and the associated types do to the sclerophyll communities 
on the slopes. They represent a development under conditions more con- 
tinuously moist in climate. 

SUMMARY. 

1. The vegetation can be divided into three types or formations: a sclero- 
phyll type on the slopes, the climax of which is a xerophytic bush community 
characterised by an abundance of even dominance of the larger Proteaceae. 
Several forms of this are noted with varying dominants: Protea lepidocarpo- 
dendrov, on exposed slopes. Protea incoinpta on sheltered ones. Protea grandi- 
flora on sandstone talus, Leucospermum conocarpum on sandy soils and 
boulders, and Leucadendron argenteum on deep soils, mostly at low levels. 

^ Hardy, 1920. 
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2. Many communities of smaller plants are described which are stages in 
the development of the climax, 

3. On the plateau under conditions of increased rainfall and humidity a 

heath-like type of vegetation is developed. The soil contains much humus. 
The climax is a community of bushes mainly of ericoid habit but containing 
also larger plants with broader leaves, chiefly The developmental 

stages of this are described, both those following destruction and some of those 
colonising new soil. 

4. In kloofs and other very sheltered parts forests are present. The trees 
are evergreen with polished elliptical leaves. The forests show decidedly hygro- 
phytic characters in the presence of lianes, epiphytes, and abundance of ferns. 
Succession stages leading to forest are composed of shrubs with flat leaves 
much less xerophytic than the sclerophyll type. 

5. On the cliffs there occur plant groupings that represent phases of 
development of these three types, together with some chomophytic and 
succulent plants. 

6. All over the vegetation has been often destroyed by fire. Many of the 
resulting communities and successions are described. 

7. The three main types of vegetation are briefly considered in regard to 
their relations to one another and to the vegetation of other regions. 
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INTRODUCTION. 

The term ‘'merse lands’’ or simply ‘^merse” is usually applied, in Scotland, 
to what are known generally south of the Tweed as “salt marshes” or “saltings.” 
The word “merse” seems to have the same derivation as “marsh” (A.S. mersc 
for mer-isc, i.e. mere-ish or full of meres). In Berwickshire “merse” is a 
corruption of “march” or boundary, and in some parts of Dumfriesshire it is 
used for alluvial land along a river. 

The marshes under observation for the present work lie at the mouth of 
the River Nith, which forms, in its lower reaches, the boundary between 
Dumfriesshire and Kirkcudbrightshire. 

The River Nith is tidal as far inland as Dumfries, which is about seven 
miles from Aird’s Point on the right bank of the river, and about the same 
distance from Scar Point on the left bank, where the spring tide high-water 
mark bends away to the east. 

The area of the merse lands up to this point in the estuary is approximately 
three square miles. 

The merse lands on the right bank of the river terminate riverwards in an 
abrupt escarpment from one to three feet high over mud slopes that dip more 
or less gently to the low-water channel of the river. Beyond Aird’s Point and 




Map 1. Sketch-map of part of the Solway Firth showing the relative position of the River Nith and its estuary. 
Inset map of the south-western extremity of Scotland. 
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Scar Point, the estuary widens out to the Solway, but there is a deep low-water 
channel that at first hugs the western shore. On the Glencaple side there is 
a stretch of merse that gradually merges into naked flats of mud and sand 
which are exposed at low tide. Owing probably to the channel lying obliquely 
to those mud flats, the flood rushes up the river with a bore, the front wave of 
which may be several feet high. As a result, the loose mud is churned up by 
every tide and the water that inundates the merse always contains much mud 
in suspension. Consequently the merse must be continually increasing in 
height. That the siltings may be rapid in favourable circumstances is shown 
near Kirkconnell where mooring bollards are seen along what ninety years ago 
was a navigable channel, but is now firm grass land almost at the same level 
as the old bank. 

In the upper estuary the current is too strong and the present channel too 
narrow and wanting in backwaters to permit of the emergence of new land. 
Erosion of the banks is taking place at some points. 

The boundary of the merse away from the river is almost always sharply 
defined by a steep bank at the edge of the old 25-foot beach which forms an 
extensive flat terrace. Part of the 25-foot terrace is peat moss, some of which 
has been reclaimed and bears heavy crops. The merse itself, though frequently 
under water, is not a bog, but is moderately firm ground, through which 
numerous creeks meander. It is covered with nutritious herbage which 
supports a considerable population of cattle and sheep. Cattle that have not 
thriven on inland pastures are found to gain tone and fatten when transferred 
to the merse, probably owing to the salt (or mud) or to the vitamin content of 
the plants. Sheep with a tendency to consumption gain strength to a marked 
degree when put out for a time to graze on the merse’. 

Farmers are generally of the opinion that Glyceria is the chief plant eaten 
by the animals, but the result of observation of the sward of the plots tlirough- 
out the season would seem to point to the fact that the stems and leaves of 
plants other than Glyceria are also eaten — particularly perhaps Arrneria'^, It 
is practically certain from close observation that neither cattle nor sheep eat 
the flowers of this plant. 

OBJECT OF THE RESEARCH AND SCHEME OF THE WORK DONE. 

The object of this research was to ascertain the succession of plants that had 
colonised the mud flats and gradually converted them into merse, and also to 
study the conditions under which the merse plants grow. 

For this purpose strips of ground traversing the merse from the mud slopes 
to the bank of the 25-foot beach were examined botanically. The flora was 
found to be fairly uniform, so that it was difficult to suggest a definite succes- 
sion in the occupation of the ground. 

^ I am indebted for this information to Mr D. T. Blackstock, Flatts, Dumfries. * 

* Yapp (17), 5, p. 97. 
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An attempt to reproduce original conditions by removing the top spit of 
vegetation in one case, and all the soil in another, was abandoned. It was 
thought that the plants that appeared on the bare patches might indicate the 
earliest colonists, but the plants that grew up were seedlings of the plants 
surrounding the patches. 

Except on the steep mud slopes, a census of plants did not show a great 
variation in the number per unit area but there was a marked difference in the 
size and vigour of the plants in different plots which seemed to point to the 
better adaptation of some plants to the prevailing conditions. The most easily 
applied criterion of the relative vigour of the plants seemed to be the length 
of their roots. Owing to some of the plants being cropped short by cattle and 
sheep the length of the stems would not have been a fair test. Hence a large part 
of this paper is concerned with the measurement of roots. The conditions 
governing the growth of the plants seemed to be mainly the amount of salt in 
the soil and its texture i. 

As a check on the observations of growth of plants in relation to amount of 
salt present in the soil, specimens of merse plants were grown in the mud in 
plant pots and watered regularly by solutions of Tidman’s sea-salt of gradually 
increasing strengths. By this means the amount of salt the j^lants could stand 
was ascertained. 

Four strips of ground, two on each side of the river, were selected; one 
where the estuary begins to widen out; the others farther up stream. These 
strips (whose positions are shown on the accompanying map) seemed to be 
fairly typical pieces of merse. Each traverse was divided into a number of 
plots in each of which the conditions were nearly uniform. 

Observations were taken regularly from the middle of March to the end of 
September, 1923. At least one visit to the marshes was made pta* week, so that 
each section was seen at least once every three weeks. Consequently the 
succession of plants and their period of flowering were under observation 
throughout the season. 

A plan and section of each traverse accompany a table showing the lengths 
of the roots of named plants on each plot and the percentage of salt in the dried 
soil of each plot. 

Accompanying the appropriate table is a detailed description of the traverse 
with its complement of plots and a comparison has been made between the 
vegetation of the four areas and also between this vegetation and that reported 
by other workers on this subject. 

In the spring of 1925 the acidity of the soil was studied, and the question 
of its aeration was investigated. 


Osborn (10), p. 247. 
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DETAILED DESCRIPITON OF THE AREAS STUDIED. 

Kirkconnell. 

Kirkconnell is situated about a mile north of Aird’s Point mentioned in the 
introduction. 

The largest stretch of merse land on the right bank of the Nith Estuary is 
found here. A section taken from Kirkconnell in line with Glencaple on the 
opposite bank is almost three-quarters of a mile in length. From this point 
northwards the merse gradually gets narrower. 

The traverse at this place commences at the low-water level with a stretch 
of bare mud gently sloping inland for a distance of about seventy yards. 
Following this is a belt of about ten yards where the mud is occupied by small 
patches of Glyceria. Mingled with the stems and leaves of this plant are often 
found decayed leaves of deciduous trees such as oak, beech and wych elm, 
pieces of stems of grasses, rushes and other Phanerogams, and fragments of 
various species of brown and green algae, e.g. species of Fiicus, also Uha lactuca, 
Enteromorphu crmtpressa and E. mtestinalis^. This belt constitutes Plot 1. Most 
tides cover it. 

Plot 2 is in the same plane as Plot ] , but is quite distinct from it because of 
its uniform vegetation of which Glyc.eria is dominant. Isolated jdants of 
Armeria^ Glaux, Plantago, and Spcryularia may be found. The general appear- 
ance of the plot is that of a newly sown lawui which is probably due, to a 
certain extent, to the daily cro{)ping by cattle and sh(‘ep. 

Now comes an abrupt line of demarcation in the form of an escarpment, 
eighteen inches high, where the established merse may be said to commence. 
The escarpment is the edge of a fairly level stretch of land extending inland for 
over a quarter of a mile. This is: 

Plot 3 . It is like an immense lawn and is more thickly carpeted than Plot 2. 
The vegetation is very uniform across the whole stretch, the only variations 
which occur being hollows (pans) of bare mud'^ and small areas slightly lower 
than the surrounding ground which are occupied by a higher percentage of 
Glaux plants^. Where there are irregularities at all in the surface Glyceria and 
Arme/ria predominate on the higher parts, and Glaux in the lower. This plot is 
cut up by many creeks which are filled to varying heights by the different tides. 
During spring tides they are practically filled to the level of the surrounding 
ground and water runs on to the more low-lying parts of the plot. When high 
spring tides prevail, most of this stretch is submerged. 

Plantago may be found in places, particularly where the ground is wet. 
Specimens of Cochlearia are scarce except in the soft mud of the creeks where 
it is found in abundance, but it apparently does not favour the more open 
parts of the creeks near the sea. 

1 Oliver (8), p. 13. Walton (15), p. 115. 

3 Yapp (17), p. 95. 


Marsh (7), p. 84. 
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Fiu. 1. Plan and section (not drawn to scale) of the traverse of merse land at Kirkconnell. 
Heights are shown in feet above datum. For detailed description see text. 
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Cattle and sheep when turned on to the merse between the high tides seem 
to seek this plot in preference to any other. 

Plot 4 is lower than Plot 3, and is in the form of a shallow channel, running 
parallel to the river^. It is covered by spring tides which sweep along it, cutting 
off almost the whole merse and leaving a good deal of Plot 3 practically dry, 
except at high spring tides. 

The soil is always wet and sticky and the vegetation sparse compared with 
the plots on each side of it. This will partly account for the great difference in 
the amount of salt present in Plots 3 and 4. The high percentage of salt and the 
stickiness of the mud may be due to the fineness of the grains resulting in greater 
retention of water and in greater absorption of salt. 

Aster, Spergularia, Salicornia, Triglochin and Cochlearia flourish, but 
specimens of Armeria are poor and few. 

An escarpment eighteen inches high separates Plot 4 from Plot 5. 

Plot 5. This is only covered by high spring tides. Compared with the fore- 
going plots, it is much more thickly clothed with vegetation. The appearance 
of such plants as Leontodon, J uncus and grasses other than Glyceria amongst 
some of the more typical marsh plants already discussed, give this plot the 
appearance of purely inland sward^. 

It is very similar to Plot 4, Crooks Pow, and to Plot 3, North Glencaple, 
but has not the variety of plants to be found on the latter plot. The presence 
of Lotus corniculatus and Trifolium repens, for instance, on Plot 3, North 
Glencaple, suggests that this plot is older merse than Plot 5 at Kirkconnell. 

The roots of Armeria, Plantago and Glaux which gradually get shorter as 
one moves away from the river, that is, as these plants are getting more choked 
out by other plants, are shorter in Plot 5, Kirkconnell, than in Plot 3, North 
Glencaple. This is the opposite to what one would expect, but is accounted for, 
I think, by the fact that the soil of the plot at Glencaple is softer than that of the 
plot at Kirkconnell. Triglochin is found on some of the lower parts of the 
plot. 

It will be noticed from the table that the roots of Glyceria and other grasses 
penetrate deeply into the soil, whereas the roots of Glaux are very short. At 
this part of the merse Glyceria is well established, and as the salt percentage is 
getting less it approaches the form of ordinary meadow grasses. The sward is 
thick, and consequently Glaux, which likes a more open soil with more salt 
is practically choked out. It is quite choked out on the moss bank. . 

There is a sharp distinction between the sward of Plot 5 and that of the 
bank and also of the edge of the 25-foot beach. These two are seldom touched 
by tides and even then it is only the lower edge of the raised beach that gets 
any salt from the sea water. 

The vegetation shows none of the characteristics of the merse. As already 
mentioned, a square yard of turf removed and the soil turned over, produced 
1 Priestley (11), p. 54 2 Warming (16), p. 231. 



W, L. Morss 319 

no seedlings of marsh plants during the summer of 1923. Only seedlings of 
plants growing on the surrounding raised beach were observed. 

Crooks Pow. 

Of the four traverses studied, this is the farthest up the estuary. The river 
here is confined to a comparatively narrow channel and even at high tides the 
area of land submerged is small compared with that at Kirkconnell. The actual 
amount of merse land is much less than at Kirkconnell. 

The whole merse is covered by high spring tides which reach up to the bank 
shown in the sketch. 

Crooks Pow is a fresh-water stream which always brings down a much 
larger volume of water than any of the large creeks which cut their way through 
the merse at Kirkconnell. 

Plot 1 on this section consists of a steep slope of mud stretching inland from 
the low- water mark. The surface mud is soft and this lies on a bed of firm blue 
mud. Isolated plants and also clumps of Glyceria have established themselves 
on the landward edge of this plot. 

Plot 2 lies on the same incline as Plot 1, but luxuriant plants of Glyceria have 
spread themselves out into a uniform patch. A few plants of Aster, Glaux and 
Cochlearia appear here and there and particularly fine specimens of these are 
found on a flat strip about a yard wide adjoining Plot 3, the edge of which is 
an escarpment three feet high which separates it from Plot 2. Brine is con- 
stantly dripping down the face of this escarpment. Soil also falls occasionally 
on to the strip owing to the crumbling away of the bank. These two factors 
most probably account for the luxuriance of Aster and its companions. 

Plot 3 is fairly level and is terminated abruptly on one side by the steep 
banks of Crooks Pow. At Kirkconnell there is no part of the merse quite like 
this i^lot. The vegetation is more luxuriant and the soil is usually wetter than 
on areas producing the same kinds of plants at Kirkconnell. 

A point worth noting is that the roots of Glaux are longer than those of 
Plot 3 at Kirkconnell. Cochlearia is plentiful everywhere on the plot, whereas 
on the corresponding plot at Kirkconnell this plant is scarce except on the 
sides of the creeks. Cochlearia is particularly luxuriant in the narrow tribu- 
taries of the Pow. 

Unlike all the plots at Kirkconnell and Plots 1 and 2 at this traverse, Plot 3 
is not rectangular, but winds about the bases of two other higher patches 
which constitute Plot 4. 

The plan shows the position of the two patches forming Plot 4, standing 
higher than the surrounding ground and supporting such plants as Leontodon 
and Plantago coronopus. A portion of the turf (about twelve square yards) was 
removed two years ago for the purpose of repairing lawns and on the bare soil 
which was exposed specimens of Armeria, Plantago, Maritima and Glaux are 
now appearing. 






y Ctr£CK 



1 5.7' 

4- 


•¥ 

F*uors /. Z. 


a 

4. 


Fig. 3 Plan and section (not drawn to scale) of the traverse at Crooks Pow. 
Heights are shown in feet above datum. 
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An interesting fact here is that the salt percentage is higher than in the 
lower surrounding Plot 3. The salt percentages found in the soil of all the plots 
of this traverse are low, especially in Plots 1 and 2. This is discussed under the 
heading of salt percentages, in the conclusions. 
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Fio. 4. Table showing the sjx^eics occurring on the Crooks Pow traverse. Figures showing 
salt percentages and depths of roots are as explained in the h^gend to Fig. 2, 


South Glencaple. 

The merse land under observation at South Glencaple is on the left bank of 
the river and the traverse selected for detailed study is about a mile and a half 
south of the village of Glencaple. In this part of the river estuary the roadway 
for a considerable distance runs close alongside the morse, being separated from 
it only by a hedgerow and a narrow belt of rushes and gorse bushes with a few 
scattered trees. The highest tides flood the rushes and reach up to the trees 
and bushes. 

The length of the traverse from the river to the belt of trees is about a 
quarter of a mile. From this point the marshes bend away eastward round 
Scar Point to the open Solway, extending to a distance of several miles and 
broadening out until, in some parts of the Caerlaverock district, the flats are 
clothed with typical merse flora for a breadth of over a mile. 

The general condition of the vegetation along the traverse at South Glen- 
caple gives one the impression that this part of the merse is much younger 
than those already described at Kirkconnell and Crooks Pow. The sward is 
much less dense and at no part does Glyceria present the lawn-like surface which 
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Fia. 5. Plan and section (not drawn to scale) of the traverse at South Glencaple. 
Heights are shown in feet above datura. 
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obtains in great stretches on the Kirkconnell merse. There is no patch corre- 
spending to Plot 5 at Kirkconnell or Plot 4 at Crooks Po w and the soil is generally 
wetter than at these places, especially on low-lying places near the rushes. 

The plots at Kirkconnell are in distinct terraces but here there is no clear 
line of demarcation between the plots except the bank which separates Plot 1 
from Plot 2. 

The pioneers here are Glyceria plants as at Kirkconnell and Crooks Pow. 
A few yards farther inland specimens of Salicornia appear and as the distance 
from the river increases these plants become more numerous. As at the pre- 
ceding traverses, Glyceria tends to grow in clumps. This stretch of thinly 
clothed mud constitutes Plot 1. 

Separated from this by an irregular escarpment about a foot high is Plot 2 
which is a narrow strip richly clothed with eight kinds of merse plants. The 
specimens are well developed but the sward is not dense^. 

Plot 3 is a few inches lower than the preceding one and winds about on 
each side of one of the main creeks. It is generally wetter than Plot 2 and 
supports fewer kinds of plants. The percentage of Glyceria plants is lower. 

Slightly liaised from this plot and irregular in outline is Plot 4, which is 
mainly distinguishable from the surrounding ground by the thick bed of 
plantains on the landward half of the plot. This is a very noticeable feature, 
as specimens of this plant are very scarce on Plot 3. The patch had a decided 
brown colour in September, owing to the great number of fruit stalks. This plot 
is not touched by neap tides but is covered by tides on each side of springs. 

Plot 5 is lower than Plot 4 and the mud seems to retain a good deal of the 
brine from the higher tides. Some salt water also finds its way on to it from 
some of the smaller branches of creeks during neap tides. Owing to the sticky 
nature of the soil, it is very difficult to measure the depth of the roots. Glyceria 
is very thinly scattered. TriglocJiin is plentiful and luxuriant. 

A waterlogged strip between Plot 5 and the bed of rushes is Plot 6 . The 
vegetation here is similar to that of Plot 5, but, if anything, more sparse. As will 
be seen from the table the salt percentage is considerably higher, due no doubt 
to the low-lying position of the ground and to the finer texture of the soil. 

From the edge of this boggy area the ground rises rapidly (1 in 5) to the road. 

North Glencaple. 

The fourth traverse is about a mile to the north of Glencaple. Here a hedge- 
row separates the merse from the highway. Unlike the merse at South Gleh- 
caple, this is in distinct terraces and somewhat similar to that at Kirkconnell. 

The whole merse is covered by high spring tides. 

The mud slope is fairly steep (gradient, 1 in 4). The first part of this slope 
is a terrace of soft mud and rg,ised a few inches above this is a second terrace 

’ Plots 1 anrl 2 no longer exist, the river, since these observations were made, having swung 
much nearer the eastern shore and carried away large portions of the mud banks. 
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which is largely made up of a dark slatey blue mud which is much firmer than 
that of the first terrace. This blue mud exists on both sides of the river, at all 
four sections. There is a distinct stratum and the edge of terrace No. 2 here is 
an outcrop of it. The inference from this is, I think, that the blue layer is a 
‘‘geological” stratum that extends under the whole merse. This stiff layer is 
overlaid by a more or less thick coating of brown mud of recent deposition 
through which the wayfarer sinks till he reaches the blue clay. If there happens 
to have been much wave action in some states of the tide, the loose mud may 
almost entirely disappear, while after prolonged calm weather one may sink 
over the gum-boots. 
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Fig. 8. Table showing the species which occur on the North Glencaple traverse. See legend to 
Fig. 2 for explanation of salt percentages and figures opposite names of species. 


The soil on this terrace is pitted by innumerable tiny holes which are the 
burrowings of immense numbers of the amphipod Cocophium longipes, Linn, 
which can be found generally on the four traverses, but particularly on this 
terrace at this traverse. These crustaceans no doubt burrow through the loose 
brown mud to the stable foundation of blue mud, and it is possible that they help 
to fix the bottom of the brown mud by their exuviae^. No doubt these animals 
play a great part in the aeration of the soil, taking the place of earth-worms. 

Terrace No. 3 consists of a thicker layer of brown mud (about four inches) 
lying on the blue mud. 

On the inner edge of this terrace Glyceria maritima appears in patches and 
after three or four yards has a good hold on the mud. The Olyceria clumps at 

1 Scott EUiot (12), p. 3. 
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this point are intermingled with specimens of Aster tripolium. This stretch of 
vegetation which is flooded by neap tides constitutes Plot 1. 

The next terrace is occupied by Plot 2, which is raised above the preceding 
plot about twelve inches. 

Olyceria, which is fairly well established, is mixed with numerous other 
kinds of salt-marsh plants, making the plot very like Plot 2 at South Glencaple. 
The sward may, however, be denser. The landward edge of the plot is wetter 
than the seaward edge and the plants are more thinly scattered. Triglochin 
and Salicornia grow here. 

Plot 3, which is from twelve to sixteen inches higher than the more seaward 
plot, is covered only by high spring tides, and is interesting because of the 
comparatively low salt content of its soil. Cutting through the plot is a 
drainage ditch about two feet deep usually containing salt water. A sample 
of this water, on analysis, showed the high salt percentage of 4*2. Atriplex 
patula flourishes in it and Triglochin and Aster also appear. 

Beyond Plot 3 is a gentle slope which is distinguished from the rest of the 
merse by its thick sward which shows little of the general character of merse 
land; this is Plot 4. A few stunted specimens of Armeria may be found, but 
with this exception the plants are those which are usually to be found in a 
settled land flora. High spring tides reach up to the seaward edge of this plot. 

COMPARISON OF THE VEGETATION ZONES AT THE 
FOUR TRAVERSES. 

Unlike the salt marshes described by Oliver and Salisbury at Blakeney 
Point, the marshes at Kirkconnell, Crooks Pow, North Glencaple and South 
Glencaple seem to show a similarity in the series of stages of colonisation from 
the bare mud alongside the river to the settled land flora on the landward side 
of the merse. Plot 1 at each of the four sections composes the first of these 
stages, viz. Zone 1. 

The salt marshes at Blakeney consist of ‘‘a whole series of small isolated 
marshes in different stages of colonisation.” The parts showing the earliest 
stages of colonisation '‘consist of a sparse scattering of Salicornias in very open 
formation, the only other plants being Algae such as Rhizoclonium , Chaeto- 
morpha, and Enteromorpha.'' 

This agrees with the process at South Glencaple with regard to Salicornia, 
but Glyceria is present, also sparsely scattered, and Algae are present, chiefly 
Enter omorpha. The presence of Glyceria agrees with the vegetation of Zone 1 
of Pool III in the Spitzbergen salt marsh, described by Mr Walton. Glyceria 
vilifoidea occurs there. Prof. Yapp says that Salicornia plays but a subordinate 
part in the building of permanent marsh in the Dovey Estuary — the earliest 
coloniser is Glyceria. 

At Holme-next-the-Sea, Marsh says that Glyceria "appears in the very 
earliest stages, and gains its importance — from its perennial stoloniferous 
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habit,” This is also the case in the Nith Estuary. The only other plants in this 
zone at Holme are Rhizoclonium and Enteromorpha which form the substratum 
on which Salicornia seedlings germinate. 

In several places at South Glencaple, Glyceria is distinctly the pioneer, 
although at others Salicornia is to the forefront. At the other three traverses 
Salicornia is absent in this zone; Glyceria is alone, except at North Glencaple 
where the plants are intermingled with specimens of Aster. The vegetation is 
“open” in all cases. 

At the next stage the vegetation is “closed” at all the four stations. Plot 2 
at Kirkconnell, Crooks Pow, North Glencaple and Plots 2 and 3 at South 
Glencaple show similar characteristics and consequently are studied together 
under Zone 2. At each traverse, Glyceria plants are more uniformly scattered 
and the percentage number per unit area appears to be considerably higher 
than on Zone 1. This is no doubt partly due to the rapid spreading by stolons. 
At the two western traverses the vegetation seems to be of a similar nature 
and differs somewhat from that of the two on the other side of the river. There 
is the same admixture of scattered specimens of Armeria, Plantago, Spergularia, 
and Glaux, hut at Crooks Pow Aster and Cochlearia appear and Glyceria is 
more luxuriant. 

On the eastern side of the river the corresponding areas forming this zone 
are much alike. There is a greater variety of plants than on the western side ; 
Salicornia and Suaeda are both present, and Triglochin appears at North 
Glencaple. Salicornia, however, is not so vigorous, that is, the plants are 
smaller than in the open formation of Zone 1. 

Glyceria is not so much in evidence on this side of the river, consequently 
there is not the same lawn-like appearance of the sward. 

This zond^ at the two Glencaple traverses, seems to correspond to the 
second stage at Blakeney Point, where there is the same close formation of 
Salicornia and Glyceria, but with this difference, that the Statice Limonium 
and S. Humilis of Blakeney are absent. Statice is plentiful on the merse at 
Kippford in the estuary of the Urr, the next estuary to the west of the Nith 
and still more plentiful in Orchardton Bay, farther west. Statice Limonium 
is recorded by Sutherland as occurring on the saltings north of Wigtown at 
the north-west of Wigtown Bay^. 

The general characteristics in the Nith Estuary closely follow the conditions 
in the Glyceria- Aster ’Statice Society and the Statice Society at Holme-pext- 
the-Sea. S. Limonium is the species found at Holme. In this society also 
occurs Obione portulacoides. This plant is quite absent on the four areas in the 
Nith Estuary^. Prof. Yapp says that Statice Limonium and Obione portulacoides 
are completely absent on the Dovey marshes, and questions whether this is 
due to grazing or not. The Nith marshes support a great population of cattle 

1 Sutherland (13), p. 22. 

* In April of this year ( 1927 ) a small patch was discovered by Dr Semple at Kippford. 
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and sheep and birds and this fact may account for the absence of these plants. 
On the other hand the Kippford merse is not so continuously used for grazing. 

Another interesting point of difference is the absence of the carpet of Algae 
— Pelvetia and Fticus — which is a “marked feature’’ at Blakeney. 

While Zone 1 on the Nith areas agrees closely with Zone 1 of Pool III at 
the Spitzbergen marsh, Zone 2 is unlike the corresponding stage there by the 
entire absence of the mosses. They resemble each other to the extent that there 
is “a certain amount of stranded Enteromorpha.” 

This zone does not seem to be quite so pure in the Glycerietum maritirnae 
association in the Dovey Estuary, which is often nearly pure, having only 
dwarf, stunted Salicornias associated with the Glyceria. 

The plots which seem to form Zone 3 at the four traverses are shown in the 
table. The zone generally consists of a denser sward than Zone 2, giving the 
appearance of meadowland, and where the herbage is closely cropped by cattle 
and sheep and geese presents a lawn-like surface. Glyceria has now obtained 
a firm hold on the soil, making the turf more difficult to cut. Arrmria, Plantago, 
Glaux are well established, Armeria especially being in evidence. This zone is 
the “ Armerietum association” of the Dovey Estuary and the Statice Society” 
and the southern belt of the '^Armeria Society” of Holme. Other plants, such 
as Aster ^ Triglochin, Spergularia, CochUnria^ Salicornia, and Suaeda occur 
according to the varying conditions of wetness, salt content and texture of the 
turf in the same zone. 

Marsh includes these plants, with the addition of Statice, in the '' Statice 
Society.” Apart from this list is the special flora of the banks of those channels 
and pools in which there is a tidal rise and fall of the water level. These are 
edged with Obione portulacoides, 

Salicornia is not the commonest plant of the zone as at Blakeney, but where 
it does grow, in the lower lying places, it is dwarfed, thus agreeing with Prof. 
Oliver’s observations. Statice Limonimn is absent, also Obione, as before stated. 
Otherwise the vegetation at this particular stage seems to tally with that at 
Blakeney. Oliver, however, does not mention Suaeda and Cochlearia. 

The vegetation of Zone 3 does not seem to have any parallel with that of 
the corresponding zone at the Spitzbergen marsh, mosses, lichens and the 
Cyanophyceae have not been found at this stage on the Nith merse. Like the 
Armerietum mariiimae association of the Dovey Estuary, which it seems to 
resemble closely, the zone passes, at higher levels, into Zone 4, the Festucetum 
rubrae Association of the Dovey. 

Zone 4 is only covered by high spring tides. With the closer growth of grass 
{Glyceria, is now giving place to Festuca) and the much scarcer appearance of 
Armeria and Plantago maritinia, the merse at this stage approaches the more 
purely inland sward. It is characterised at Kirkconnell, Plot 5, Crooks Pow, 
Plot 4, and North Glencaple, Plot 3, by the presence of Leontodon autmrmalis ; 
and Plantago Coronopus appears at the two latter places. Lotus Corniculatus 
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is encroaching and at North Glencaple the sward is still further advanced by 
an intermixture of Agropyrum repens and Trifolium repens, J uncus compressus 
is found at Kirkconnell, Most of these plants, however, are absent at South 
Glencaple, the soil being occupied by various species of rushes, the most con- 
spicuous being J uncus maritimus which occupies the lower part of Plot 7. 

The roots of Armeria, Plantago maritima and Olaux, where these plants 
exist, are generally much shorter at this stage and consequently their sub-aerial 
organs are stunted compared with the corresponding parts of plants growing 
in the lower and more “open” zones. 

Zone 4 seems to correspond, at Blakeney, to the portion of the older marshes 
which are for the most part a thick carpet of Obione — amongst which the only 
plant which appears to grow with success is Glyceria maritima, Plantago and 
Aster are also present, but scattered and of rather rare occurrence. At Holme, 
Glyceria is co-dominant and the ''Armenia Society” at this stage is passing into 
the Festuca-J uncus Society dominated by Festuca rubra and J uncus maritimus, 
and is continuous with the Armeria- Festuca belt. 

Zone 4 on the Spitzbergen marsh is a slope of shingle with Saxifraga 
oppositifolia, Dryas octopetala and Stereo caulon paschale. 

In the Dovey Estuary Festuca rubra is generally dominant. In many parts 
of the area two subassociations or societies can be distinguished, i.e. the Lower 
Festucetum, with abundant Armeria maritima which is usually subdominant, 
and Upper Festucetum, with Agrostis alba, Plantago Coronopus and Juncus 
Gerardi, The last two are the most characteristic plants. 

The highest zone. Zone 6, is reached only by the highest spring tides, and 
when it is covered, which is rarely, it is by high storm springs. The general 
characteristics of this belt are the same at all four traverses. The flora is 
essentially mixed, halophytic and iion-halophytic growing side by side, but 
the number of non-halophytic species increases as the upper limit of the zone 
is reached. The parts of the merse in the Nith Estuary which form this zone 
are the landward edge of Plot 5 and the seaward edge of the 25-foot beach at 
Kirkconnell, the landward edge of Plot 4 at Crooks Pow, Plot 4 at North 
Glencaple and Plot 7 at South Glencaple. At the first three places the sward 
is similar to that of Zone 4 but the salt marsh plants are now practically choked 
out. Stunted specimens of Armeria may be found, here and there, and also 
very small, isolated plants of Glaux. The soil is loose and gritty and conse- 
quently quite different from the firm clayey mud of the lower zones. Aj^reat 
variety of non-halophytic plants is found except at Crooks Pow. Such plants 
as Cerastium tnilgatum, Carduus Arvensis and Holcus at Kirkconnell, and 

Scabiosa succisa, Centaur ea nigra and Potentilla anserina at North Glencaple, 
show the advanced nature of the sward at this stage. Non-halophytic plants 
at Crooks Pow are almost confined to Lotus corniculatus and Trifolium repens. 

Jmicus maritimus, which is plentiful at Holme, Blakeney and on the Dovey 
marshes is only represented at one of the traverses studied, viz. at South Glen- 



W. L. Morss 331 

caple. Associated with this species are J. articulatus — lamprocarpus, J. com- 
pressus and J. communis. 

The seaward edge of this belt of rushes shelters quite a number of plants, 
some of them merse plants such as Cochlearia, Plantago, Aster and Triglochin 
which almost disappeared in the lower water-logged parts of the more seaward 
zone. Many of these are luxuriant specimens.. An interesting parallel is described 
by Prof. Yapp — he says that some plants of the Armerietum and Lower 
Festucetum zones reappear, which are almost absent in the Upper Festucetum, 
e.g. Spergularia, Aster, Triglochin. These are ‘‘far more luxuriant than on the 
sward.’' 

In the J uncus association in the Blakeney Point area, J uncus maritimus is 
the dominant plant, “growing in a short turf of Agrostis maritima and Carex 
arenaria, the occasional species being Cochlearia offi,cinalis, Sagina maritima, 
Anagallis arvensis, and Sedum acreP In the Festuca-J uncus Society at Holme, 
“the Festuca and J uncus form a close covering consisting almost entirely of 
these two plants with a little Cochlearia anglica and some lingering plants of 
the Armeria society.” 

Hence it seems that however the characteristics of the vegetation may vary 
in the early stages of colonisation in the British marshes, the final stage, that 
where the salt vegetation passes completely into the ordinary land vegetation, 
is practically the same. 

The final stage on the Spitzbergen marsh seems to consist of a growth of 
Carex salina, J uncus lighemis, Salix polaris and Nostoc. 

THE FAUNA OF THE MARSHES AND ITS EFFECT ON THE SOIL. 

The table ^ on p. shows the average number of birds seen daily on the 
merse at different places throughout the year. 

It will be noticed that, during the winter months, the marshes are regularly 
inhabited by enormous numbers of birds. In March there is a slight falling off 
in the numbers except in the case of geese and ducks. 

During the spring and summer the numbers of all species are much less than 
in winter, owing to emigration, June and July being the two months when the 
merse is most free from bird population. 

Following are some extracts from Gladstone’s Birds of Dumfriesshire^ and 
Notes on the birds of Dumfriesshire^. 

“The Solway Firth has been likened by H. A. Maepherson to ‘a great 
ornithological junction.’ This valley of the Nith is a very well defined ‘fly-line,’ 
up and down which the birds pass in a north and south direction, in their 
vernal and autumnal migration, respectively; their emigration flight being in 
a direction which would take them down channel midway between the Isle 

^ I am indebted, for thin information, to Mr Jas. Wilson of (llencaple, who is a well-known 
authority on the biyd life of the district. 

2 Gladstone (3). 


® Ibid, (4). 
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of Man and the opposite headlands of England/’ “The other ‘fly-line’ is 
directly east or west according to season.” 

“ The Solway Firth affords ideal winter quarters for all sorts of geese, and 
the nature of the shores renders them particularly safe. The banks of the 
estuaries of the Annan and Nith are at times crowded with geese” (p. 239). 
“In the early part of October, 1881, a flock of Barnacle geese was estimated 


10,000” (p. 261). 

Time 

Place 

‘ Birds 

From the beginning of 
October to the end of 
February 

Kirkconnoll 

Grey geese, 2000 

Ducks, 400-500 

Peewits, 1000 

Curlews, 200 

Gulls, 200-300 

Redshanks, 200 (scat< 
tered) 

January and February 

Glencaple and 
Caerlavorock 

Barnacle geese, 3000 

Duck and widgeon, 3000 
Gulls, 10,000^ 

Peewits, 150 

Oyster catchers, 600 
Redshanks, 200 

Curlews, 200 

Golden plovers, 100 

Dunlin, 600 

Cormorants, 100 

March 

Kirkconnell 

Grey geese, 2000® 

Ducks, 400-600 

Peewits, 600 

Curlews, 100 

Redshanks, 100 

Gulls, 160 

April 

9f 

Geese, 2000 

Gulls, 200 

Curlews, 100 

Other species, 100 

All species including 
Sheldrake, 200 

May 

»> 

June 

First three weeks 


As for May 

4th week 


Gulls, 200 

Other species, 100 

July 

Ist and 2nd weeks 


Gulls, 600 

3rd and 4th weeks 


Gulls, 100 

Other species, 200 

August „ 

^ These are seen on their favourite roosting ground. 

Gulls, 1000 

Curlews, redshanks, etc,, 600 


^ In severe weather the roosting places of the geese are sometimes so thickly covered with 


droppings as to give the ground the appearance of a poultry run. 

“ In the winter of 1920-21 , Grey Lag geese were more than usually numerous 
near Glencaple — on 22nd of January, 1921, I counted one lot of 410 and was 
told this did not represent one half of the ‘stock ’” (Notes, p. 78). 

Lapwings collect into emigration flocks in the autumn. In October, 1900, 
“it was estimated that there were congregated at least 60,000 birds whose 
murmarings were audible three hundred yards away” (p. 372). 

‘ ‘ In autumn the numbers of Oyster Catchers to be seen on our shores are 
prodigious” (p. 377). 
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‘‘An enormous flock (of starlings) said to have been of many thousands 
was seen near Cowheath (Caerlaverock), on 7th March, 1914’’ {Notes, p. 54). 

In addition to the birds the marshes support a considerable population of 
sheep and cattle ; on the Kirkconnell merse alone about 60 cattle and from 250 
to 300 sheep regularly feed during the spring, summer and early autumn 
months. 

The excreta of these animals and birds no doubt plays a very important 
part in the fertilisation of the soil. Ammonia from the decomposition of the 
organic matter of the excreta will be effective in neutralising any humic acid 
that may be present in the soil. The droppings of fish-eating birds should 
contain much calcium phosphate and carbonate from the fish bones. 

The carapaces of the crustaceans already mentioned as occurring in great 
numbers on the mud slopes would add lime to the soil. 

Pans remaining unflooded for several days before and after a low neap tide 
have been seen to contain living mussels of good size attached to the turf at 
the edge; whelks of fair size; undersized living cockles and many smaller 
molluscs; small crabs; shrimps and other small crustaceans, also small living 
flounders. In summer there is an enormous destruction of these small animals 
after each spring tide when the pans dry up during neaps. Many of these 
creatures arc, of course, eaten by birds. Hundreds of little dead crabs in their 
carapaces have been seen on the merse. An examination of a square inch of 
bare soil revealed about a dozen corpses or carapaces. 

The remains of these creatures and the excreta of birds and cattle and sheep 
will assist in the consolidation of the soil. 

AERATION OF THE SOIL. 

On one occasion, during a visit to the merse at Mavis Grove, there was 
noticed a huge gurgitation of air bubbles issuing from a gravel bed that dips 
under the clay of the river bank. The bubbling noise could be heard yards 
away. The air had got into the porous gravel under the stratum of (day when 
the tide sank. The bubbling was still going on even an hour after the ebb had 
set in. It is a common occurrence to see air bubbles rising from the mud banks 
and sides of creeks but it is not so apparent on the merse proper. On another 
occasion at Kippford, in May, whilst rowing over the merse in about three feet 
of salt water which covered it during a spring tide, there were seen sporadic 
zones of bubbling, and when an oar was pushed into the soil great bursts of 
gas came up. This was quite different from the rise of marsh gas from swamps 
and also distinct from the bubbling which takes place whilst photosynthesis 
is more in evidence during the summer. 

The natural conclusion from these observations is that, for the most part, 
the soil of the salt marshes is porous and this is borne out by actual observa- 
tion especially during the digging operations when measuring the depths of 
the roots. When the tidal water sinks air is sucked into the pores and when 

Joum. of Ecology XV 22 
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the tide rises the used-up air bubbles up. Oxygen dissolved in the water will, 
of course, be as efficient for the purpose of aeration as oxygen in the air. 

In some parts of shallow pools of Plot 3, Kirkconnell, the mud looked as 
if it had been pricked all over with darning needles and at the mouth of each 
minute opening was a sil very air bell. Air bells were also enclosed by a mossy 
growth of Alga, 

As mentioned before, the crustacean Cocophium longipes burrows in immense 
numbers into the bare mud flats and slopes, but during the digging operations 
on the merse itself, that is on the parts which are clothed with vegetation, 
these animals were not to be found at all. Worms also seemed to be absent. 
Earthworms do not exist anywhere where submergence by salt water is liable 
to occur. A story is told locally of a big tide which covered the high merse near 
Southerness, about eight miles south of Kirkconnell. One observer states that 
the tide on this occasion was at least six feet higher than the highest ordinary 
spring tides. A young plantation was killed and earthworms came up in 
millions and died. Gulls fed for weeks on the carcases. 

On cutting down into the soil, spaces left by dead roots were exposed to 
view and these had not all been filled up by soil. The root stocks of plants like 
Plantago mmitima and Armeria extended down to great depths. It could be 
seen that these plants had kept pace, in their upward growth, with sedimenta- 
tion. When the old root stock dies the external rind persists, leaving an air 
space where the softer tissues have decayed. These old root stocks would serve 
as air channels. As in the case of the burrows of the crustaceans, the clay 
surrounding the roots is light red-brown in colour where the clay itself is 
blue-grey, thus showing that the living tissues send down oxygen. On a slope 
of the Kippford merse the tops of many of the burrows were sticking up, in 
some cases about half an inch, above the level of the mud. At first it seemed 
that the burrow had a domed cap, but examination with a lens showed a hole 
in the centre filled with grains of sand. Samples of these burrows cylinders 
that were lying in the mud were heated in the fire, but there was no smell of 
decomposed nitrogenous matter, so that the cylinders were evidently not 
strengthened by mucus as was supposed, but were probably consolidated by 
iron rust. This seemed to be borne out by the fact that the burrows were each 
surrounded by a dark red zone. 

During digging operations into semi-dried pans networks of burrows of 
polychaete annelid worms have been found. These extended a short distance 
under the turf. In pans filled with water, and in creeks, worm casts and open- 
ings into burrows were plentiful. Some of the recent worm casts were blue in 
colour. The mud surrounding the burrows was light red-brown in colour — 
showing that the burrows acted as channels for oxygenated water. The sides 
of the burrows were firmer than the rest of the mud, which could be washed 
away from some of the larger burrows, leaving them as tubes. Further, dead 
stolons of Glyceria and roots of surrounding plants were found, forming a 
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network in the semi-dried pan, though there was no vegetation showing above 
the soil. In many cases the roots seemed to occupy old burrows — at least the 
containing tube looked too big for the root. The annelid burrows evidently 
persist for a time and act as air channels when a filled pan is occupied by 
plants. The roots themselves will keep the mud porous thereafter. 

pK DETERMINATIONS. 

The object of these determinations was to compare the soil of the salt 
marshes with that of adjoining areas of peat moss and to try to discover the 
effect of the salt water and the excreta of birds and animals on the nature of 
the soil with a view to determine the causes of inhibition of certain species of 
plants from certain zones of merse land. 

It was thought that the droppings of the enormous number of birds which 
regularly feed on the marshes during the winter and to a certain extent during 
the summer must play an important part in changing the nature of the mud 
precipitated on the banks of the river. The multitudes of small crustaceans and 
worms which can be seen burrowing into the soil and the extensive bubbling of 
gases during the rise and fall of the tide also seemed to be important factors in 
aerating the soil, and thus differentiate a porous, well-clothed soil from a sodden 
one with sparse vegetation of a limited number of species. 

Specimens of channel water, water of pans, ditches, etc., of soil from various 
plots of the traverses studied, and also from several areas not necessarily in 
these traverses, under different conditions of weather tide, etc., were taken 
for the pH determinations. All the specimens seemed typical of the different 
areas from which they were taken and of the varying conditions prevailing at 
the time of selecting the sample. 

The B.D.H. Universal Indicator was used. 


The results of a few of these determinations are recorded below: 

pH 

Wator (Hlightly Halt) from Nith CJiarincl at alack water ... ... ... ... 8-2 

Water of pans (salt to very salt) from Plots 2, 4, 5, (», South Glencaplo ... ... 7-8~8*5 

Hrackish water from pool at North (Uencaple ... ... ... ... ... 7*8 

Very Halt water from ditch at North (ilencax>le ... ... ... ... ... 8*5 

Soil from Plots 2-7, South Glencaple ... ... ... ... ... ... 7-2 8-0 

Soil from Plots 1-3, North (ilencaple ... ... ... ... ... ... 7 i)~7-8 

Soil from the Kirkcoiiiiell plots ... ... ... ... ... ... 7-8-8-3 

Soil from middle of merao at Mavis Grove ... ... ... ... ... 0*5 

The same, but with licjuid extract filtered ... ... ... ... ... fi-8 

Soil from a peat-moas area in the neighbourhood of Dumfries ... ... ... 4'() 

The same, with extract filtered ... ... ... ... ... ... 5-5-(» 0 

Fresh water from a stagnant pool in the same area ... ... ... ... 4-0 

Water from a muddy ditch on the landward edge of Plot 5, Kirkeonnell, where the soil is 

black and foul-smelling, hut occasionally submerged by salt water ... ... (Mi 


Speaking generally, the following observations and deductions may be 
made from the foregoing figures : 

(1) The soil of the salt merse is on the alkali side of neutral and this is no 
doubt partly accounted for by the excreta of the large flocks of birds which 
frequent the whole merse. The merse is more of the nature of a fen than of an 
ordinary marsh, and the soil is quite unlike that of a peat moss. Prof. Osborn, 
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of the University of Adelaide, writing on the vegetation in the Port Wakefield 
District, says that the soil acidity does not show any great variation, with the 
exception of the soil of the zone farthest inland from the sea. All the soils, 
with the exception of the latter, have an alkaline reaction approximating to 
that of sea water (^H 8*6). The zone specially mentioned, where there is a 
decrease in the amount of salts and lime, shows a value for the soil of 
7*4 — just on the alkaline side of neutrality. 

(2) With stagnant fresh water the reaction is on the acid side of neutral. 

(3) With fresh water where, as on the bank of the river, the water drains 
away quickly and sucks down oxygen, the reaction is slightly on the alkaline 
side of neutral. 

(4) Where the merse is frequently submerged by salt water, the reaction 
is alkaline. 

(5) Even where the merse is sometimes submerged by salt or brackish 
water, if drainage from the fields above soaks the soil with fresh water, if the 
water is stagnant, the soil black and oxygen is not soaked down, the reaction 
is acid. 

(6) It would seem that acidity has not much to do with differences in the 
vigour of the same kind of plant; Glyceria is most luxuriant where acidity is 
6*8, and also where the acidity value is 7*8. 

That acidity has some bearing on the inhibition of the growth of different 
species may be concluded from the various results shown. 

Following are a few extracts from a communication from Prof. W. R. G. 
Atkins of Dublin, found in Nature, 108 , 80, which support these conclusions: 

Armeriu maritirna tolerates, 6- 8-8* 2. 

Gorse usually on acid soils, pW 6*4— 6-8. 

Typical sand dune plants, pH about 8. 

Typical moorland plants, pH about 5. 

In Nature, 108 , 147, is a letter in answer to the above, from Norman N. 
Comber of Leeds University, stating that there are strong indications that jpiH. 
of soils has a mediate and not a direct influence on the flora. 

(7) The following observations by Prof. Atkins are also interesting for 
comparison with the foregoing results: 

Open sea, Plymouth to Ushant, pH 8- 14-8*27. 

Open sea, Land’s End to Bristol Channel, pH 8- 14-8* 18. 

In Plymouth Sound, pH 8* 10. 

In rock pools with growing marine algae the acidity sank by 0*25, owing to 
disappearance of carbonic acid by photosynthesis. 

(8) The values for specimens which were filtered show very noticeable 
differences from those of specimens which were allowed to settle. It would 
appear that the filter kept back some very fine substance that was strongly 
acid. It is probable that the unfiltered liquid is nearer to the correct acidity 
(k the soil vrater, for the water in a stagnant pool and in a slowly running ditch 
both turned the indicator brightly red. 

An attempt to reproduce artificially some of the conditions under which 
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the plants were growing was made by obtaining wedges of soil bearing speci- 
mens of vegetation and watering these in suitable receptacles. Specimens of 
acid soils watered for a month with normal saline solution seemed to have 
a tendency to become neutral, e.g. in one experiment the figures were pH 6*6 
to 7*0. Simple aeration seemed to have some effect in making soils more 
alkaline, e.g. where the specimen was kept loose in a flower pot and watered 
with neutral water the value changed from 6*8 to 7*8. When air was partially 
excluded by having the turf in a jam pot filled up with water the acidity was 
increased, 6*5 to 5*5. 

The addition of NaCl to the water in extractions had an accelerating 
influence on the rate of sedimentation. 

CONCLUSIONS. 

A. Salt Percentage. 

Salt percentage depends on: 

(a) The height of the preceding tide at the time. This will be more in 
evidence on plots which are only covered by tides on each side of the spring 
tides but not by neaps. Compare samples taken for analysis at South Glen- 
caple from Plots 4 and 6, which are both higher than the other plots (except 7) 
covered by neap tides. 

Sample (a). Plot 4, was taken on Aug. 18th (moon 1st q. 19th), sample 

(a) , Plot 6, was taken on Sep. Ist (moon last q. Sep. 3rd), that is, both samples 
were taken just after high tides. Samples (6) from both plots were taken on 
Sep. 22nd (moon full, Sep. 25th), i.e. after low tides. 

Note spring and neap tides occur two days after the moon’s phases. It will 
be seen that samples (a) are higher than (6). 

(b) RainfalP. The amount of salt present in the soil due to the tides is 
greatly modified by the rainfall a short time before the samples were taken. 
Abundant rainfall will mean considerable leaching of the salt. More rain fell 
just before Aug, 18th (16th and 17th, 17*6 mm.) than before Sep. 1st (Aug. 30th 
and 31st, 13 mm.) and this no doubt accounts for the greater difference between 
samples (a) and (b), Plot 6, than between (a) and (6), Plot 4. The comparatively 
heavy rainfall two days before Sep. 1st (13 mm.) most probably causes the 
salt percentage of samples (a), Plots 1, 2, 3, 5, to be lower than those of samples 

(b) from the same plots taken on Sep. 22nd, which was preceded by two days’ 
rainfall, amounting to 6*5 mm. 

The samples from Crooks Pow show a strikingly lower salt percentage. 
They were taken on Aug. 28th, immediately after a considerable amount of 
rain which fell on the 22nd-27th (35*8 mm.). This rainfall no doubt partly 
accounts for the comparatively small amount of salt found in these samples. 

(c) The height of the plot above the average height of the tides; for in- 
stance, a plot may not be touched by neap tides but covered by all springs; 

1 Tansley (14), p. 331. 
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another may only be covered by high spring tides. A plot covered only by 
spring tides would be expected to show a lower salt percentage than those 
covered by all tides. This is seen in Plots 3 and 5 at Kirkconnell, the soil of 
which is more salt than Plots 1 and 2. There may, however, be a double effect; 
ground in the proximity of creeks bringing down a considerable quantity of 
fresh water, submerged by springs will be bathed with water with a fairly 
high salt percentage, whereas those submerged at every tide will at neap tides 
be leached by fresh water. A case which probably illustrates this is Plot 4, 
Crooks Pow, which has the highest percentage of the traverse. This may also 
partly account for the higher percentage of Plot 4, South Glencaple, than of 
Plot 3, which, to a certain extent, surrounds it. 

(d) The proximity of creeks and ditches. If the course of the creek or ditch 
be free, drainage of the plot near it will be accelerated with consequent re- 
duction of salt percentage. The samples of Crooks Pow were taken alongside 
the creek which empties itself briskly into the river channel. This, then, appears 
to be another important cause of the low figures for Plots 1, 2 and 3 at this 
traverse. 

As mentioned before, the amount of salt found in the soil of Plot 3, North 
Glencaple, is very low compared with that of Plots 1 and 2, and in all proba- 
bility the reason for this is partly due to the presence of the drainage ditch 
which cuts through the plot. Although the water of the ditch has no per- 
ceptible current, it is not stagnant, and its average height compared with the 
height of the plot being considerable (about two feet lower) will tend to drain 
away quickly the salt water from the plot, rather than cause it to be water- 
logged with brine. 

(c) The nature of the mud. At the four places studied in the estuary, the 
soil seemed to be very similar, and at each place there was a considerable 
variation in the texture of the soil — from close-grained bare mud to porous, 
more or less gritty soil found at high-water mark^. Mud of a fine texture dries 
hard, retains more brine and in some places is water-logged, thus giving the 
highest salt percentages^. 

This difference in the texture of the mud may be put down as one of the 
reasons for the higher salt percentage of Plot 2 as compared with Plot 1 in any 
of the traverses where the soil is noted as being stiffer and drying harder. 

Plot 4 at Kirkconnell and Plots 5 and 6 at South Glencaple are examples of 
a close sticky soil bearing a large quantity of salt. 

(/) Whether clothed with vegetation or not. Vegetation retards the 
recession of the ebb tide by obstructing the passage of the water, and the water, 
adhering to the outside of the plant stems, gradually sinks down into the mud. 
This also partly accounts for the higher salt percentage of Plot 2 than of Plot 1, 
where there is usually a considerable difference in the number of plants per 
unit area. 


^ Osborn (9), p. 394. 


Hall (5), pp. 75-79. 
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(g) The inclination of the ground. The greater the slope the more rapidly 
will the salt water drain off. From flat ground the water recedes very slowly 
and consequently the soil has a better chance of absorbing the brine. The in- 
clination of the ground in Plots 1 and 2 at Crooks Pow is noticeably greater 
than anywhere else in the four traverses. (Gradient, 1 in 1*5; vertical measure- 
ment in feet, horizontal in yards. Compare with gradients in corresponding 
plots at other traverses; Plots 1 and 2, Kirkconnell, 1 in 6. South Glencaple — 
Plot 1, 1 in 19; Plot 2, 1 in 100. North Glencaple — Plot 1, 1 in 4; Plot 2, 1 in 
13.) This factor seems to be important in helping to bring about this low 
percentage of salt at this part of the merse. 

(h) The distance from the open sea. The relative density of the salt water 
will naturally get less the farther one goes up the estuary. It will be seen from 
the map that the estuary has narrowed considerably at the point where 
Crooks Pow empties itself into it, and consequently it would be expected that 
the merse here would receive less salt generally than at the other three traverses. 
Here again is a factor which partly accounts for the low salt percentage found 
on the plots at Crooks Pow. 

B. The Vecietation. 

1. Glyceria. This plant is predominant on most parts of the marshes. It 
is the pioneer at all the four traverses studied^ Isolated specimens advance 
many yards ahead of other species on to the mud slopes, and only at South 
Glencaple is there any attempt at rivalry. Here Salicornia intermingles with 
the Glyceria plants, but the latter is distinctly to the forefront. 

As judged by the highest percentage of plants per unit area, Glyceria 
flourishes best at Plot 3, Kirkconnell; Plots 2 and 3, Crooks Pow; Plot 4, South 
Glencaple; and Plots 1 and 2, North Glencaple. As a general rule, the roots go 
deeper as the salinity of the soil increases, but it is thinly scattered in water- 
logged plots, although in these the highest percentage of salt is found. This 
is probably due to the want of oxygen in the subsoil. Glyceria, grown in pots 
containing soil from the merse and watered with salt solution of gradually 
increasing strengths, was quite healthy when specimens of Armeria, Glaux, etc., 
were obviously dying. On the other hand, a few plants of Glyceria growing in 
a pot left out in the open and exposed to rainfall were excellent specimens. 
The nearest approaches to these pot-grown plants, in appearance, on the merse, 
are on Plot 2, Crooks Pow, and on the sides of creeks. Here the plants are 
young and are not cropped by cattle and sheep. The roots of the naturally 
grown plants cannot, of course, be compared with those of the pot-grown 
ones. 

2. Armeria. In contrast to Glyceria, the roots of this plant seem to increase 
in depth with decreasing salt. This does not completely hold good, for on the 
higher parts of the Leontodon patches, Armeria plants are thinly scattered and 

1 Collins (2), p. 388. 
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the roots are comparatively short, but there it would appear, a more robust 
rival chokes them out. Armeria fares badly in the lower lying, water-logged 
plots, with a high salt percentage. As mentioned above, Armeria will not stand 
the amount of salt that Glyceria will, and the pot specimens died when 4*42 per 
cent, of salt was present in the soil. Towards the end of June, when Armeria is 
in full bloom, the marshes give the appearance of immense carpets of a beautiful 
pink^. 

3. Glaux, Glaux seems to flourish best in soil with a fairly high salt per- 
centage, but it would appear that almost as important factors are the texture 
of the soil and the amount of water present. Good specimens can often be 
found on open patches with a deep soft soil which is fairly wet. In a hollow 
in Plot 3, Crooks Pow, with salt percentage 0*07 and soft soil which dries fine, 
Glaux had roots 7 in. long. And on Plot 2, Kirkconnell, which consists of deep 
soft brown mud, a specimen was found with roots 14^ in. Like Armeria^ 
Glaux is almost choked out in the Leontodon plot. Pot specimens continued to 
be healthy for some time after Armeria plants showed sign of uncomfortable 
conditions. 

4. Plantago. Factors ruling the growth of Armeria seem to agree closely 
with those for Plantago, except that the latter seems to endure a wet soil 
better than Armeria, It may be found, in a healthy condition, in wet places 
with a fairly high salt percentage where Armeria would present a sorry appear- 
ance. Plantago, however, died in the plant pots when only 2*3 per cent, of salt 
was present. Hence, already, it must be concluded that all factors must be 
considered in accounting for the growth of the marsh plants. 

An interesting feature of Plot 4, South Glencaple, is the abundance of 
Plantago, while on the surrounding Plot 3, which is somewhat similar in 
appearance, it is very scarce. This seems to be worth Lirther investigation. 

5. Salicornia. At none of the four traverses does Salicornia appear first 
on the bare mud, and only at South Glencaple does it grow alongside Glyceria 
as a partner pioneer, if such a term may be used, in the colonisation of the 
mud flats. It grows further inland, at South Glencaple, along with Suaeda 
and thinly scattered Glyceria, with a fair percentage of salt in lower lying 
plots^. A hollow in Plot 4 — salt 0*33 — grows fine specimens with roots 6 in. 
long. It is not happy in water-logged places with a high salt content — for 
instance, plants growing in the wet clayey soil of Plot 4, Kirkconnell, are poor 
specimens with roots of the average depth of 2 in. 

6. Suaeda, Remarks about Salicornia apply generally to this plant. It 
is not found as a pioneer plant at any of the four traverses, but usually along 
with Salicornia in lower lying places further inland^. 

Fine specimens grow side by side with Salicornia in the hollow in Plot 4, 
South Glencaple. 

Marsh (7), p. 81. a Kearney, etc. (6), pp. 411, 417. 

8 GoUins (2), p. 383. Oliver (8), p. 13. 



W. L. Morss 


341 


7. Cochlearia, This grows well with a fairly high percentage of salt, but 
the salt is not the governing factor. Plant-pot cultivations died early with 
2-3 per cent, of salt in the soil. The plants prefer the deep soft mud of the sides 
of the creeks, especially steep or overhanging sides where the plants get more 
or less shade. (Roots 7 in. in the creek at Crooks Pow — salt percentage 0*11.) 
They seem to shun the more open parts of the creeks nearer the river channel. 
Good specimens are to be found in the shade of J uncus maritimus on Plot 6, 
South Glencaple, but do not occur to the extent described by Marsh, at Holme- 
next-the-Sea^. 

It is not represented in the vegetation of the dense Leontodon plots. 

Note. It is well known that Cochlearia officinalis, Armeria maritima and 
Plantago maritima occur on the higher levels of the Scottish hills, preserving 
to a considerable extent the characters shown in the salt marshes^. 

Cochlearia officinalis is also noted in Sir Joseph Hooker's list as one of “the 
most Arctic plants of general distribution that are found far north in all the 
arctic areas.” 

8. Aster. A good deal of what has been said about Cochlearia would apply 
in the case of Aster tripolmm^, but judging from the notes in the table for 
South Glencaple regarding this plant, and also from its rather plentiful appear- 
ance in Plot 4, Kirkconnell, it appears to be better adapted than Cochlearia 
for healthy growth in heavy water-logged soils. 

9. Spergularia. This plant seems almost confined to loose, deep, wet mud, 
with a fairly high salt percentage. Compare roots of specimens found on 
Plots 2 and 4 at Kirkconnell, and on the edge of the pool in Plot 4, South 
Glencaple. Spergularia plants in the pot culture were thriving and in bloom 
when some of the others already noted were dying or dead. With a salt per- 
centage of 4-42 in the soil, Spergularia showed no signs of succumbing to its 
effects. 

10. Triglochm. Triglochin appears to thrive best in heavy water-logged 
soils, with a high salt percentage. An examination of the tables will show that 
it is not found in any of the higher, better drained plots. 


SUMMARY AND GENERAL (CONCLUSIONS. 

From the foregoing observations and determinations the process of coloni- 
sation of the mudflats until the vegetation is beyond the influence of the salt 
water might be stated as follows : 

(1) Mudflats exposed at low tide are inhabited by cockles and lobworms and 
Crustacea. The loose mud is partly consolidated by the shells of cockles, the 
hardened walls of the burrows of lobworms (and possibly those of Crustacea) ; 
by the carapaces of crustaceans such as Cocophium longipes, shrimps and crabs; 
by the droppings of sea-birds and by green Algae. 


1 Marsh (7), p. 82. 


2 Bower (1), p. 47. 


2 Tansley (14), p. 333. 
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(2) The height of the flat is gradually raised by sedimeutation until it is 
not submerged by neap tides. Sedimentation then becomes less rapid and 
consequently the growth of green seaweed becomes more evident. 

Consolidation is continued as before, up to this point. Cockles will now be 
starved out and lobworms will be dwarfed. The crustaceans remain active and 
by consolidating their burrows permit the aeration of the mud, and con- 
sequently its consolidation is assisted, for example, by the oxidation of iron 
salts. 

(3) Salicornia may now appear and retain a hold where currents are not 
too strong to wash away the sediment. Their roots and the parts of their stems 
that have been buried by new mud will persist and help in consolidation. Also 
when they rot tubes will remain and keep the soil porous. Lobworms and 
Crustacea continue to burrow, consolidate and aerate. 

(4) When submergence is only by intermediate flood tides, Glyceria creeps 
down among the Salicornia^ chiefly by its stolons. The old stolons become 
buried in the mud and thus solidification of the soil is reinforced. The old 
stolons also keep the subsoil porous. At first, while the plants are sparse, the 
worms and Crustacea continue. Floating material such as pieces of seaweed, 
decayed leaves and bits of wood are arrested by the growing Glycerias and 
Salicornias, and these all assist in the anchoring of the mud. 

(5) Armeria, Plantago^ Cochlearia, Aster, etc., get a footing when the mud 
has been sufficiently fixed as indicated above. The vegetation is now becoming 
“closed.’’ Worms and Crustacea cease to burrow except in the bare or partly 
clothed hollows. The old roots of Armeria and Plantago and the old stolons of 
Glyceria keep the soil porous and the burrows of the worms and Crustacea 
remain as pipes after the creatures cease to inhabit them. When the tidal water 
sinks air is sucked into the pores. When the tide rises, the used-up air bubbles 
up. The sea water also has oxygen in solution which is sucked in. 

All this time the soil remains slightly alkaline. 

(6) The plants of the Armeria society continue their upward growth, 
keeping pace with sedimentation. The merse is now above ordinary neap tides. 
Vegetation is denser and where it is cropped close by cattle and sheep and 
geese becomes finer in its growth and presents the lawn-like appearance so 
noticeable at Kirkconnell. 

The nature of the soil is now considerably changed. The droppings of the 
enormous numbers of curlews, lapwings, sheldrake, geese, gulls, etc., must be 
very efficient in bringing this about especially as some of these species eat the 
fish and Crustacea and smaller Mollusca complete with bones, carapaces and 
shells and thus add lime to the soil. 

(7) At this stage inhibition of growth of certain species due to various 
causes is noticeable, Salicornia, Suaeda and Spergularia are practically 
choked out by the dense sward. Glaux plants tend to become small and short 
rooted, due to the same cause. Irregularities of the surface, low-lying patches, 
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portions of the merse in the proximity of creeks resulting in a variation in the 
amount of salinity, wetness and texture of the soil control the growth of 
plants, e.g. Glyceria seems to grow best with a moderate amount of salt, where 
the soil is well aerated and the acidity about neutral. It thrives badly in low, 
water-logged places with a high salinity. The conditions under which various 
species grow have already been treated fully. 

(8) When the sedimentation has raised the level above that of all but storm 
spring tides, the clay loses its flocculation and porosity, and owing to the con- 
sequent want of oxygenation the soil is apt to become ‘'sour.’' This will happen 
earlier in the upper reaches of the estuary where the overflowing water at 
spring tides is likely to be fresh. Occasional submergence by salt water pre- 
vents the ground being colonised by earthworms. In absence of artificial 
drainage, the ground is likely to become a swamp but will support a vigorous 
growth of vegetation, particularly grass. If the climatic conditions are favour- 
able the swamp will become a peat moss. Where, however, an area of this 
description is much “poached” by cattle, the effect is a foul, black mud which 
will not support salt-marsh plants except perhaps Triglochin and Plantago, 

I take this opportunity to express my sincere thanks to the following 
gentlemen for advice, loan of books and general assistance: Prof. Weiss, 
Dr Semple, Mr Tansley, Mr G. F. Scott Elliot and Mr R. Leys. 
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THE HEATH ASSOCIATION ON HINDHEAD COMMON, 

1910-^19261 

By P. E. FRITSCH. 

(With seven Figures in the Text,) 

The purpose of the present communication is to summarise the observa- 
tions that have been made on the heath association on Hindhead Common, 
S. W. Surrey, to show how far they have helped to explain the diverse character 
of the vegetation on this comparatively small piece of ground, and to indicate 
some of the problems that are still outstanding. Two communications dealing 
with this relatively dry heathland were published in 1913 and 1916 respectively 
( 1 . 2 ); Miss Skipper ( 3 ) in 1922 gave an account of the ecology of the gorse, 
while a valuable study of the soil features by Dr Haines ( 4 ) has appeared quite 
recently. Other special papers are in preparation. 

During the period of the war the work was practically suspended, although 
occasional visits were paid by one or other member of this department. In 
1921, however, the investigations were again taken up and pursued vigorously 
during four consecutive seasons ; in spite of the long interval that had elapsed 
and of the occurrence of a number of fires in the interim, a large proportion of 
the old stations were located, so that new observations could be definitely 
related to those previously made in the vast majority of cases. In 1922 
Mr H. Glanville of the Engineering Department of East London College pre- 
pared a map of the common showing the present position of the footpaths, 
and a copy of this map accompanies the present communication. While quite 
especially indebted to Mr Glanville for the labour which he voluntarily under- 
took, it is a pleasure also to acknowledge the help of my colleagues on the staff 
of the Botanical Department of the East London College and of the many 
advanced students who have participated in the work. 

1. The Present Condition and Past History of the Heath. 

Hindhead Common^, and especially the parts lying between points 0,and 31 
on our base line (see Fig. 1), has now been under more or less continuous 
observation since 1910. During this period, and more particularly since the 
war, the frequency of heath fires has increased. There have been some very 
extensive fires, with the result that practically nothing of the vegetation 
covering, as we originally knew it, now remains. Considerable areas have been 

^ From the Botanical Department, East London College, University of London. 

® The common lies to the south of the main road from London to Portsmouth. 
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burnt over two or three times during the fifteen years, and data have accumu- 
lated to show not only the effects of frequent fires at relatively short intervals, 
but also the influence of burning of heath of different ages on the subsequent 
process of regeneration. There can now be no doubt that the patchwork aspect 
of the vegetation of such heaths as a whole, with its often sharply defined 
boundaries conditioned by height or nature of vegetation, is largely due to 
the occurrence of frequent fires of more or less limited range (cf. 1 , p. 153). 
Also that the varied character of the heath vegetation is in great part due to 
the varying lengths of time that have elapsed since fires occurred on different 
parts of the ground. It has become apparent that by degrees the sharp 
boundary line between two fire zones may become blurred and more or less 
obliterated, probably as a result of the shelter afforded by the taller vegetation 
and of the consequent more rapid growth of the adjacent members of the lower 
vegetation (cf. p. 367). Such boundaries tend to become sooner obscured in the 
sheltered valleys than on the more exposed tops. 

It will be useful at the outset to give an account of the history of the central 
ridge (cf. Fig. 1, and 1 , p. 149) to which a large proportion of the subsequent 
observations relate. When first studied in 1910 ( 1 , p. 152), the top and the 
whole of the upper slopes were occupied by the C U facies (the approximate 
lower boundary of which is indicated by the heavy line in Fig. 1) ; this consisted 
of dominant tall Calluna and innumerable plants of IJhx nanus^ hidden amidst 
this tall growth. This facies continued right up to the path at the northern end 
of the ridge, and here and there extended a long way down to, or even actually 
reached the paths in valleys A and B. Most of the lower slopes of the ridge 
were, however, occupied by much shorter growth, representing a region re- 
covered from a former fire about four years back (F 07, cf. p. 347) ; here Calluna, 
TJlex nanus, and Erica cinerea were codominant (CUE facies). The exact 
distribution of these two facies is shown in the map published in 1913 (1, 
p. 150^). In August of 1911 an extensive tract at the northern end, covering 
both the C U and C U E facies, was completely burnt (F 11, cf. p. 347), although 
the fire was stopped at a clearing, at that time running lengthwise along the 
top of the central ridge ; this fire, whose area is indicated by dotting in Fig. 1 , 
also extended a little way on to the opposite slope of valley A. The main part 
of this 1911 fire zone was not burnt again till 1923 (F 23), although the small 
area on the western slopes of valley A was burnt in 1920 (F 20). During the 
war one or more fires occurred in the adjacent north-easterly part of the central 
ridge about which no exact data are available. 

A further fire (F 16, indicated by dotting in Fig. 1), involving the greater 
part of the Erica slope at the southern end of the central ridge ( 1 , p. 154), 
occurred probably in 1916 (or early in 1917). This burnt the whole of the 

^ The abundance of Ulex nanus on most parts of the ground is a characteristic feature of this 
and certain other adjacent heaths. 

« Cf. also this Journal, 1, p. 216, 1913. 
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CUE (with dominant Erica) in this region and trespassed a little way, but 
not far, on to the C U facies above; it appears to have been arrested at the 
steep path leading up to the clearing on the central ridge from valley A, The 
fires of 1911 and 1916 took place on parts of the ground that had already been 
carefully mapped by the method of square surveys and both regions have 
since been resurveyed (cf. below). 

After the 1916 fire there still remained an extensive tract of the old C U 
facies extending for some 900 ft. along the top of the ridge, but this was finally 
swept away in 1924 (F 24) by a fire^ traversing practically the whole of the 
central ridge except for the northern portion which had already been burnt 
in 1923 (F 23). The map published in 1913 is thus purely of historical interest 
and, except at a very few points, no longer indicates the distribution or con- 
dition of the vegetation. 

Similar radical changes have, however, occurred over most of the common. 
Except for the wooded region at the southern end adjacent to the Farnham 
Lane (2, p. 137) there can only be small areas that have not been affected by 
fires since the vegetation of the common has been studied. Thus, nearly the 
whole of the slope facing the Erica slope and forming the southern boundary of 
valley B was burnt, probably at the same time as the Erica slope in. 1916 
(F 16a). There have also been repeated fires on the eastern slopes of valley 5, 
one rather considerable one taking place in 1922 (F 22) and another farther 
down the valley in 1926 (F 26). The western slopes of valley A were burnt in 
1920 (F 20), this fire extending over part of the 1911 fire zone and also including 
an area burnt in 1909. The old F 2 in valley C ( 2 , p. 117 ; F 12 on the present 
map) was unaffected by fires for a long period and has afforded some inter- 
esting data, but was completely eliminated in 1924. The burnt area in valley 
D ( 1 , p. 117) still persists and in 1924 had advanced to the stage of a typical 
CUE facies, but the upper part was invaded by a fire from the adjacent ridge 
in 1918. 

In the appended summary of the different burnt areas, to which reference 
has been made and which will be frequently mentioned in the following, the 
method of designation adopted in the 1915 paper (2, p. 117) has been aban- 
doned. Each area is indicated by F followed by a number denoting the year 
(as nearly as it can be ascertained) in which burning occurred. Thus, F 18 
represents an area burnt about 1918. The areas in question arc as follows: 

F 07. The old C U E facies on the slopes of the central ridge (more or less extensively rebunit in 
1911, 191C, 1923, and 1924). (F 7 of the 1915 paper.) 

F 09. The F 5 of the 1915 paper and probably all included in F 20 (see below). 

F 11. The F 3 of the 1915 paper, rebiimt in 1923 (F 23). 

F 122. The F 2 of the 1915 paper, rebumt in 1924. 

^ This fire was intentional on the part of the authorities entrusted with the care of the Common. 

It also attacked the vegetation on the more or less bare gravel areas on the eastern slopes of the 
central ridge, but here much was loft unbumt. 

* In the map published by Haines (4, p. 35) this area was shown in the wrong position. 
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F 13. The F 1 of the 1915 paper, upper part burnt again in 1918 (F 18); in 1924 F 13 bore a 
typical CUE facies (F 13 lies just beyond the extreme right of the map, Fig. 1). 

F 16. The area on the Erica sIojk), at the south end of the central ridge, burnt approximately in 
1916 and reburnt in 1924 (F 24). 

F 16a. The area on the slope opposite the Erica slope and probably burnt at the same time (in 
1916, but not in 1924). 

F 18. An area near the top of F 13 in valley D (outside the map). 

F 20. An area on the W. slope of valley probably including F 09; aspect E.S.E. 

F 22. An area on the E. slope of valley aspect W.N.W. 

F 23. An area at the north end of the central ridge, burnt early in 1923, extending over and 

beyond F 11 in an easterly direction. 

F 24. The area burnt in 1924 and extending over practically the whole of the central ridge 
^except part covered by F 23). including F 16. 

F 26. An area on the E. slope of valley By adjacent to F 22. 

The location of the different burnt areas is shown in the accompanying 
map (Fig. 1). It will be noticed that there are some parts of the common in 
which burnt areas are not indicated. This must not be taken to imply that they 
have not been burnt during the period of observation, but lack of time pre- 
cluded a keeping of records for the whole common from this point of view. 

Before proceeding to detailed considerations it may be well to recall that 
the vegetation of Hindhead Common is exceedingly poor in species, except 
along the pathways. Over great areas of the common one finds only Calluna^ 
Erica cinerea, E. tetralix, Ulex nanus, Vaedniurn Myrtillus, and Pteridium; 
the only common grasses are Molinia coerulea and Aira Jlexuosa. Of the many 
species met with along the paths (2, p. 133) few are ever found more than a few 
feet away from them, except on newly burnt areas. 

2. The Return of Burnt Areas to a relatively stable Condition. 
Since the vegetation of a considerable part of the common had been care- 
fully mapped prior to 1914, the condition of various burnt areas before the 
occurrence of the fires was accurately known. When work was taken up again 
after the war, a new survey of a number of such regions, in which many years 
had elapsed since the last fire and in which the vegetation had practically 
closed up and was rapidly reaching the condition of the mature heath, was 
undertaken. Two of these regions are selected for a comparison of the condition 
of the heath before and after burning, viz. : 

(а) An area 400 x 100 ft. (about 122 x 30*5 m.) on the western slopes of 
the central ridge^, with a W.N.W. aspect, burnt in August 1911 (F 11) and 
resurveyed in July 1921, having been kept under observation in the interim 
(Figs. 2 and 3). 

(б) An area, roughly 400 ft. (122 m.) square, situated on the S. slopes of 
the central ridge {Erica slope)^, burnt in 1916 (F 16) and resurveyed in July 
1922 (Figs. 4 and 5). 

Two general facts emerge from a comparison of the different charts, viz. 
the stationary character of the bulk of the vegetation and the spreading of 

^ Between points 4 and 7 on the base line and extending 100 ft. from it up the slope. ' 

* Roughly between points 17 and 21 on the base line (see Fig. 4). 
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certain constituents. Taking first the area (a) above specified (cf. Figs. 2 and 
3), it is to be noticed that the fire (the lower limit of which is marked by the 
heavy line in Fig. 3) swept across the old boundary of the C U and CUE facies 
(itself a fire boundary, cf. Fig, 2). Part of the old C U E facies was however 
left untouched, but by 1921 (Fig. 3) this had progressed to the C U stage, the 


Fig. 2. 1911 



Figs. 2 and 3. Charts showing the distribution of vegetation in four consecutive 100 ft. (30-5 m.) 
squares on the same area of ground on the western slopes of the central ridge, along the base 
line (consecutive points of which are indicated by the numerals), in 1 911 and 1921 respectively; 
a great part of the area shown in the upper chart (Fig. 2) was burnt, after mapping, in August 
1911, the lower boundary of the fire being shown by the heavy lino in Fig. 3. The heavy line 
in Pig. 2 represents the boundary between the C U and CUE facies, as it existed prior to the 
fire. Areas with abundant bracken are indicated by shading, hollows by dotting, unnamed 
dots indicate isolated small Pteridium patches, ringed dots young plants of Pirns. A >= Pyrus 
aucuparia; B * Betula pubescens; Et = Erica tetralix; I » Ilex aquifolium; R == Rhamnus 
frangula; S = Pyrus aria; V = Vaccmium Myrtillus. 

Erica cinerea plants having become relatively scanty and inconspicuous. On 
the other hand the region formerly occupied by the C U facies (Fig. 2) was now 
replaced by a C U E facies, with Erica cinerea playing a conspicuous part. In 
other words, a complete inversion of the relative positions occupied by the two 
facies had taken place, and this furnishes direct evidence, if indeed any is still 
required, that the two facies are not due to habitat- or soil-conditions, but 
Joum. of Ecology XV 23 
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merely represent successive phases in the maturation of the heath after a fire 

( 1 , p. 160). 

The relations of the bracken (whose distribution is shown by shading in 
Figs. 2 and 3) to the two phases is also of interest. There is undoubtedly an 
increase in the total area occupied by the fern, but this is in the main within 
the burnt region. Bracken does not seem to be able to make much headway 
in the older heath below the fire boundary (Fig. 3), and the way in which even 
extensive areas (cf. Fig. 2) were held in absolute check at the C U boundary 
in 1911, but have spread considerably after this barrier was removed by the 
fire, is very striking. A great factor in the spread of bracken, at least on this 
common, are the occasional hollows (shown dotted in the two charts) that are 
to be encountered. These owe their origin generally to the removal of burnt 
trees, which are taken out with their roots, and probably as a result of their 
greater moisture content and shelter are very frequently colonised by bracken. 
A number of the new Pteridium patches in the 1921 chart (Fig. 3) have ob- 
viously originated amid such hollows. Their frequent colonisation by bracken 
after fires has been noted also on other burnt areas on the common. Vaccinium 
Myrtillus likewise commonly settles in such hollows and one may find a 
plentiful crop of whortleberry plants there, when there are practically none 
round about. 

Turning now to the other pair of charts (Figs, i and 5), representing the 
area (b) mentioned above, that made prior to 1914 (Fig. 4) again includes 
the boundary between the old C U and E U C facies (with Erica cinerca 
dominant). The fire however (cf. Fig 5) swept right across this boundary 
and seems to have extended down to the path in the valley. It was stopped 
at the ruts, marking a rough pathway in the upper left-hand corner of the 
chart (Fig. 5, the heavy line marks the fire boundary). Attention may first 
be drawn to the fact that outside the limit of the fire (left-hand top part of 
Fig. 5) the Calluna has become dominant; also there is a marked increase in 
the size of the Pteridium (shaded) and Molinia (dotted) patches, but no in- 
crease in their number. Neither probably settle down easily in a more or less 
closed community. In the region of the fire, however, marked changes have 
occurred. The main gorse and bracken areas adjacent to the path are recognis- 
able in both charts and no obvious increase of Ulex europaeus has taken place. 
Both Pteridium and Molinia have however appreciably extended their 
domain. The irregular dotted line in both charts marks an upper zone above 
which bracken fronds were not frequently encountered, although two extensive 
patches of bracken situated above this boundary are indicated in Fig. 4. It is 
very noticeable that the upper boundary of scattered Pteridium in 1922 
(Fig. 5) roughly corresponds to the line marking the lower limit of the C U 
facies in 1914 (Fig. .4). It was here that the spread of bracken was held up 
prior to 1914 (cf. above), and it has apparently been unable to appropriate 
this ground even after the fire, since a large part of the Erica slope above this 
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point bore in 1922 only very occasional Pteridium patches (Fig. 5). On the 
other hand, below this line it has now spread, though rather thinly, over most 



Fig 4. Chart showing the distribution of the vegetation on part of the lower portion of the Eric/i 
slope in 1914. The numbers 17, 18, 19, 20 indicate successive points on the base line. The 
finely dotted lines in the upper left-hand part of the chart show the positions of a number of 
ruts marking a rough pathway loading up to the top of the central ridge from valley A . The 
heavy line shows the boundary between the C U and F U C facies, the coarsely dotted line 
shows the upper limit of frequent bracken. Bracken is indicated by vertical, gorse by hori- 
zontal shading, Molinia patches by dotting; crosses mark the positions of isolated JJhx 
europaeus plants, unnamed dots indicate isolated Molinia plants. B -= Betula 2^ubcscens; 
I ™ Ilex aqui folium; M Molinia cocrulexi; Ft =■ Pteridium; R == Rhammin frav>guJa; U ^ 
(Ilex europaeus; Ul - Ulex nanus. 

of the ground and further fires will probably lead to its becoming quite a 
dominant feature in this region. 

The results as regards the bracken, both in this area and the one above 
considered, show that within the closed heath association extension of area 

23-2 




352 Heath Association on Hindhead Common, 1910-1926 

occupied by existing Pteridium patches may take place, but that new patches 
do not readily establish themselves. But on burnt areas a certain number of 
new plants may arise, especially where hollows in the ground, such as are left 
by the removal of trees, facilitate their development, and these may then serve 



Fio. 5. Chart showing the distribution of vegetation on the same area as in Fig. 4 in 1922 (the 
area in question having been burnt in 1916). The heavy line shows the boundary of F 16. 
The interrupted line in the lower part of the chart marks the upper limit of abundant Molinia. 
Method of representation and symbols the same as in Fig. 4. 

as centres from which the surrounding heath is slowly invaded. This invasion 
is however at most points but a slow process and the actual change in the 
distribution of bracken, in the two zones considered, over a period of ten years 
relatively small That the change is slight is also shown by studying the 
distribution of the individual bracken fronds over small pieces of ground in 
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successive years (cf. p. 354). There are indications that at times an opposite 
tendency may prevail, as for instance is shown by the occasional decrease in 
size or disappearance of Pteridium patches, as on the left-hand side of Fig. 3 
and the upper part of Fig. 5. 

On the second area a very obvious spread of Molinia coerulea has also 
occurred. In 1914 (Fig. 4) this grass was very largely confined to the neigh- 
bourhood of the path, being more or less dominant at some points and at 
others (not specially indicated in the chart) in competition with gorse and 
bracken. About 50 ft. above the path, however, it was but rarely to be met 
with and the majority of the tussocks were of small dimensions with only four 
or five inflorescences. Here and there a larger one was to be found (shown by 
unnamed dots in Fig. 4), and near the C U facies on the right there was one 
quite extensive patch^. After the fire the Molinia spread apace, greatly en- 
larging its area of dominance adjacent to the path (cf. Fig. 5) and extending 
for a considerable distance up the slope ; the interrupted line in Fig. 5 provides 
a boundary below which Molinia plants are too frequently present to be marked 
individually, as has been done above that boundary. It is to be noted that not 
only have the Molinia patches already present before the fire undergone great 
enlargement in most cases, but there are plentiful new patches and isolated 
tussocks above the boundary of frequent Molinia that promise a further 
spread after the next fire. It does not seem that, after a certain stage, new 
Molinia plants easily establish themselves on the closing heath in competition 
with the ericaceous forms and Ulex nanus, but once they have got a hold on 
the ground they are probably able to maintain themselves by virtue of the 
dense growth of their tussocks and the shade they cast over their lower-growing 
neighbours. It would seem that, when the ground is suitable in other respects, 
Molinia will spread more quickly after a fire than the bracken (cf. also p. 35()). 

Although the two pairs of charts thus show certain changes, they are 
perhaps more striking because of the little alteration they exhibit, Pteridium 
and Molinia patches occur where they occurred before the fire, the Ulex 
europaeus stretches adjacent to the paths persist, the ericaceous forms appear 
in the same groupings as before the fire, many of the isolated gorse, holly, etc., 
bushes survive^ to grow up in the same spots. The relative stability here re- 
cognisable would however be muck 7nore pronounced on other parts of the 
common, where there are no large masses of adjacent bracken to extend over 
the burnt zone (as in the case of the area (a) above) or which are not located 
near the valleys, from which Molinia can spread. The areas depicted in Figs. 
2 ~5 have been selected because they indicate change and it has not been deemed 
necessary to reproduce charts in which no appreciable difference in the vegeta- 
tion before and some years after a fire is apparent, 

^ To the right of the area represented in Fig. 4, Molinia was already rather abundant prior to 
F 10. 

* The absence of some is doubtless due to removal. 
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3. Further Observations on the Spread of Pteridium, 
Molxnia, and other forms. 

The behaviour of bracken and Molinia has also been studied by mapping, 
in successive years, the distribution of individual plants on small areas of the 
ground. Fig. 6 shows the distribution of the individual bracken fronds on an 
area approximately 12 ft. (366 cm.) square near the top of square 3 A in valley 
A in 1922, 1923, and 1924 respectively; the irregular line circumscribes one of 
the larger hollows above referred to. The three charts show four features, viz. 
(1) that such hollows constitute centres from which the surrounding heath is 
invaded, (2) that the direction of growth of the bracken on such a small area 
is uniform and in this case always down the slope (indicated by the arrow), 
(3) that there is no appreciable increase in the number of fronds in 1923 as 
compared with 1922, and (4) that there is a very great increase in 1924, after 
the fire of 1923. 

It has been impossible to find, except in very few cases, evidences of the 
origin of new bracken plants from prothallia and such were nearly always 
observed in damp hollows^ like those here referred to (cf. 5, p. 224; 6, p. 135). 
It is not denied that such spore development may occasionally take place also 
on the flat surface of the heath, but it is certainly uncommon and new areas of 
bracken are probably essentially due to spore germination within the shelter 
of hollows and other depressions of the ground. On young heath one may 
occasionally observe an isolated bracken frond emerging from the midst of 
a dense cushion of Ulex nanus ; such fronds are often many feet away from any 
others and their small size suggests that they belong to young plants. If spores 
of the fern are blown into such cushions they may, within the shelter of the 
dense tangle of branches, find the necessary amount of moisture for the pro- 
duction of a prothallus and an embryo (cf. 6, p. 136). 

On young heath, before there is a dense matting of the roots, etc., of the 
ericaceous forms, growth of the rhizomes would appear to be fairly rapid, new 
fronds appearing often 2-3 ft. in advance of the old ones of the previous season, 
but as the heath closes this rate of progression greatly diminishes. Moreover, 
it is only in the very first years after a fire that abundant branching of the 
rhizomes appears to take place, “With resulting vegetative propagation and 
increased production of fronds. In later stages one may often find correspond- 
ing to almost every living frond a dead one of the last season, and the i\ew one 
often comes up at practically the same place as the old one. On the maturer 
parts of the heath it has not uncommonly been noted that bracken fronds fail 
to appear in the following year over small stretches of the ground, so that there 


^ Also in ruts along the pathways in the valleys where bracken is always to be found in 
abundance and which no doubt constitute the main areas from which invasion has taken place. 
In this connection it is significant that the only extensive regions over which bracken is completely 
lacking are on the flat summit of the central ridge which ie most remote from the pathways. 
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were prepared in the month of July in each year. The area in question was burnt early in 1923 (F 23). The inegular line indicates a large hollow in the ground, Uie arrows 
point down the slope. 
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may be an actual retrogression (of. also Table I), although the exact cause is 
not at present apparent. 

Table L Numbers of bracken fronds on different 26 ft, (7*6 m,) 
squares in successive years. 


Position of square 

1922 

1923 

1924 

1. W. slope of central ridge 

85 

107 

200 

(valley A), burnt early in 

1Q951 

2. A similar area, close at hand. 

95 

112 

211 

burnt at the same time 

3, Upper part of Erica slope, 
burnt in 1924 

127 

91 

89 

4. A similar area close at hand 

353 

288 

— 


Such retrogression has only been observed in regions in which Pteridium is 
sparse and there is no evidence that it obtains where the fern is a dominant. 
On any small area of ground that may be examined, however, there is always 
an increase in the number of Pteridium fronds in the year succeeding a fire 
(cf. Fig. 6 and Table I), although owing to the rapid slowing down in the rate 
of growth in the subsequent years, much actual spread is not effected except 
where there are already present extensive masses of the fern. The tendency for 
the growth of all the plants over a small circumscribed region to take place in 
one direction (often down, but sometimes up slopes or occasionally along them) 
is a feature frequently noted on the common, but for which there is at present 
no explanation. 

The grass Molinia coerulea is essentially confined to the bottoms of the 
valleys from which it is invading the slopes at many points. It does not appear 
however that such invasion can occur to a serious extent except in the first 
years after a fire; moreover, whereas all parts of the heath are probably 
favourable for the growth of Pteridium, Molinia can only settle where the soil 
conditions are suitable. Thus, whilst a steady invasion of the Erica slope by 
Molinia is taking place from below (cf. p. 353 and Figs. 4 and 5), and this grass is 
spreading extensively on the gravel areas on the E. slopes of the central ridge, 
it is by no means spreading at all points where it occurs on the common. At 
the northern end of the central ridge round about the point 0 on the base line, 
where a slight depression of considerable extent occurs, a quantity of Molinia 
has been a striking feature during tho whole period of our observations, but 
although the adjacent terrain has been burnt repeatedly there has been no 
marked extension of the area of the grass. Both Jeffreys ( 6 , p. 137) and Haines 
(4, p. 65) emphasise the occurrence of this grass in regions rich in humus and 
characterised by a high acidity and such soil factors may well be mainly 
operative in limiting its spread. 

Where the ground is suitable, small plants of Molinia are to be found among 
the members of the mature heath well in advance of the main zone of oocuT'- 
rence. It does not seem, however, that such plants are able to establish them- 
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selves as vigorous tussocks against the competition of Galium, Erica, etc,, 
and they remain small with only a few inflorescences. Such was the condition 
of the plants, for instance, in the small area near the base of the Erica slope 
depicted in the left-hand chart of Fig. 7; above the region shown even such 
plants became fewer and fewer till they disappeared altogether. A slight 
increase in the number of plants and in the size of some of them was recorded 
in 1923, but in 1924 (see the right-hand chart in Fig. 7), after the ground had 



Fio. 7. Molinia coernka. Charts showing the distribution of individual plants (indicated by dots) 
and larger tussocks (indicated by a cross surrounded by a dotted line— some of these possibly 
comprising two or more plants) on a small area near the base of the Erica slo|)e in 1922 and 
1924; both chails are portions of larger ones and l)oth were made in the month of July. The 
area in question was burnt early in 1924. The arrows point up the slope. The undotted lines 
mark the boundaries of hollows in the ground. 


been burnt, these tussocks exhibited a very great enlargement and by spreading 
out over the soil rendered colonisation by ericaceous forms impossible in their 
immediate vicinity. It may be noted that Molinia exhibits considerable 
spread in the year of the fire (if the latter occur early), whilst bracken always 
only spreads in the year succeeding a fire. 

The only other grass that occurs at all frequently in the closed heath is 
Airaflexuosa (1, p. 154). It is found most abundantly along the pathways, not 
only those in the valleys but also those on the ridges. On the whole it and the 
Molinia are to a considerable degree mutually exclusive; even in the valleys 
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this is true to some extent, for the Aira occurs along the edges of the paths, 
while the Molinia occurs beyond them at the bases of the slopes. The feature 
in question is very patent on the gravel areas on the E. slopes of the central 
ridge, where these two grasses are very abundant, but where the one is frequent 
the other is scarce and vice versa. There are some extensive areas of Aira on 
the top of the central ridge and on the upper part of the slopes opposite the 
Erica slope (F 16 a in Fig. 1); in both situations the other grass is wanting, 
while Aira is absent from the special Molinia zone round point 0 (cf. above). 
It is probable that conditions are suitable for the growth of Aira over large 
parts of the heath^ and isolated specimens are indeed to be found at most 
points, but except where they occupy small gaps in the vegetation covering 
(bare areas?, cf. below) they do not seem to survive competition with the other 
plants. Aira is of course not nearly as aggressive as Molinia] it does not 
develop dense tussocks and is less robust in habit. This explanation of its 
relative scarcity in the mature heath probably also applies to Agrostis vulgaris^ 
which is often found together with Aira along the paths and sometimes on 
recently burnt areas (cf. 2, p. 133). 

Another plant that evidently effects little spread is the Dodder (Cuscvta 
epithymum)^. There is usually a very extensive growth of this (comprising 
several square yards of densely infected plants of various kinds) round about 
point 0 on the base line. Similarly, there is generally a good deal of this 
parasite near the path at the base of the Erica slope, but from neither region 
does there seem to be much spread except when the adjacent ground is newly 
burnt. This may in part be due to the inability of the seedlings to attack other 
than young growth, but would not explain the absence of the parasite on areas 
with rich bracken, whose fronds are especially liable to attack on freshly 
burnt ground. New burnt areas sometimes look deep rust red from afar owing 
to the abundance of Dodder plants that are present. 

Two other plants, belonging to the heath flora, viz. Vaccinium Myrtillus 
and Erica tetralix, do not appear to have appreciably altered their area of 
distribution during the period of observation. Both are met with especially 
near the bases of the slopes and are wanting over considerable areas of the 
tops, but there are marked anomalies in their distribution which have been 
dealt with by Haines (4, pp. 64, 66) though not fully explained. The big areas of 
Vaccinium on the southern part of the top of the central ridge are possibly in 
part due to the rapid regeneration of this plant after fires ( 6 , p. 141). _ 

^ The soils from the special Aira zones do not differ fundamentally from those found over most 
of the tops ( 4 , p. 66), 

2 Attention has already been called to the fact that this parasite attacks practically all the 
members of the heath flora ( 2 , p. 132). On a small stretch of burnt ground in valley B it was in 
1926 found attacking a specimen of OrcMs maculata that had settled there. 
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4. Further Observations on the Recolonisation 
OF Burnt Areas. 

Observations made on the central ridge in July, 1924, after the extensive 
fire (F 24) early in the year, have led to some modifications in the views 
formerly expressed as to the mode of recolonisation of burnt ground on Hind- 
head Common. At the date named, proceeding from the path at the base of 
the Erica slope upwards in a northerly direction over the top of the ridge until 
one reached its northern extremity, four different types of burnt ground were 
to be encountered, viz. : 

1. The Erica slope, whose vegetation at the time of burning (early in 1924) 
was about 7 years old and still relatively low. 

2. The extensive 0 U facies extending from the top of the Erica slope to 
within about 700 ft. (213 m.) of the northern end of the ridge. The vegetation 
over the whole of this region had been very tall prior to the fire and had not 
been burnt for some 25 years. 

3. A narrow zone of F 11, occupying a stretch extending approximately 
between 700 and 550 ft. (213 and 106 m.) from the northern extremity of the 
ridge. The growth here prior to the fire was about 12 years old, but owing to 
the greater exposure was not much taller than that on the Erica slope. 

4. The remaining 550 ft. (106 m.) of F 11, which was burnt in 1 923 and not 
affected by the fire of 1924. 

Here therefore it was possible to compare recolonisation on heath of very 
different ages and with different exposures. The various zones will be taken 
successively, 

(1) In striking contrast with earlier observations (1, p. 158; 2, p. 119) it 
was found that a very large number of the Calluna and Erica cimerea plants 
on the Erica slope were sprouting from the old stools. Even quite small plants, 
that could have reached no great size before the fire, were sprouting and that 
vigorously; this was particularly true of Erica, cinerea. The only Calluna 
plants that appeared dead were some of the larger older ones. The latter, how- 
ever, even when sprouting, only showed a feeble growth of a few shoots, whilst 
most of the younger plants had already formed dense cushions^ This would 
seem to imply that the age of the plant had something to do with its capacity 
for regeneration, but the effect is probably indirect. Over most of the common 
where growth of tall Calluna occurs, one can find young plants among the older 
ones and yet, when such a region is burnt, very few Calluna plants are sub- 
sequently found to be sprouting (cf. 1, p. 158 and zone 2 below). It seems more 
likely that the observations on the Erica slope, just detailed, are to be ex- 
plained as a result of the amount of heat generated and the duration of heating 
when a large plant is burnt. Where, as on the Erica slope before the fire, only 

1 This finally disposes of the suggestion ( 1 , p. 159) that depth of rooting conditions the selective 
killing by a fire. 
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a few of the plants here and there were tall, these will have suffered more than 
their lower-growing neighbours. Where, however, as in other regions (cf. 
zone 2 below) the bulk of the growth is tall, the total heat generated is enough 
to kill off the naajority of the Callum and Erica cinerea plants, both old and 
young. As a matter of fact many of the smaller Calluna plants on the burnt 
Erica slope under discussion had only been scorched by the fire, as some of the 
brown scorched shoots were still evident upon them. The rapidity of travel of 
the fire is also indicated by the fact that several unburnt patches were left 
near the top of the ridge. 

As a result of previous examination of burnt areas it was concluded (2, 
p. 120) that only those plants survive burning in which either the branching 
of the crown takes place beneath or in close contact with the surface of the soil 
(Ulex nanus, some Callum and Erica cinerea), or those in which, although 
branching occurs above the surface, it is so profuse as rapidly to accumulate 
a mound-like protective covering of humus {Erica tetralix, Molinia, Carex 
pilulifera). A large number of the Calluna plants on the Erica slope certainly 
had buried crowns which was perhaps a result of the slope and the consequent 
tendency for detritus to be washed around the stems. But by no means all 
the sprouting specimens had buried crowns and this was specially the case 
with the young Callum and Erica cinerea plants which were sprouting most 
vigorously. 

A peculiar feature of the older Calluna plants on the Erica slope was very 
obvious after the fire. The lower part of the main stem was usually prostrate, 
the stems being always directed up the slope. Some of the branches formed on 
the lower side of the prostrate stem thus become buried in debris and it was 
from these that sprouting was often taking place. The prostrate stems of the 
Calluna were sometimes found to have taken root and it is possible that some 
of the small plants found growing between the larger ones on old parts of the 
heath may arise in this way, although many are certainly produced from 
seedlings. 

For the rest the burnt area on the Erica slope showed the features customary 
a few months after a fire. Ulex mnus was sprouting from the old stools as 
usual and all of the few seedlings present belonged to this plant. A very 
striking feature of this burnt area on the upper part of the Erica slope was the 
practical absence of all casuals (except for one Potentilla erecta), a condition 
very unusual in the first year succeeding a fire; the vegetation consisted almost 
solely of Callum, Erica cinerea, Ulex mnus, and occasional Pteridium^, This 
is probably to be ascribed to the region in question being situated some distance 
away from the paths, so that the source of infection was remote, but it may 
also be connected with the direction of the prevailing winds. 

(2) On entering the old C U zone on the top of the central ridge, the burnt 
area presented a very different picture. In this tall growth the fire must have 
1 No Vaccinium Myrtillus or Erica tetralix occur in the region under discuBsion. 
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raged very fiercely and everything was practically completely burnt^. The 
state of the vegetation resembled that described in the earlier accounts ( 1 , 
p. 156; 2, p. 119). Vlex nanus and Vaccinium were sprouting everywhere, but 
a large number of the Calluna plants gave no indication of life at all; those 
that were sprouting invariably had buried crowns, but even such plants were 
often dead. Very little sprouting Erica cinerea was to be seen. Taking it as a 
whole the ground was here not nearly as completely covered with green growth 
as on the Erica slope (cf.(l) above), although both had been burnt at the same 
time. This alone shows the effect of the greater intensity and duration of the 
heat generated by the burning of the much taller growth. 

The big tussocks of moss (flypnum cupressiforme var. ericetorum, Leuco- 
bryum glaucum) that are to be found mainly about the bases of the Calluna 
stems in the older growth such as occurred on this part of the common, 
persist as large charred masses, but seem always to be completely killed by the 
fire. 

(3) In this third zone the new growth was again much denser and much 
more like that on the Erica slope, the contrast between zones 2 and 3 in this 
respect being recognisable already from afar. As above mentioned, the vegeta- 
tion here, although considerably older, was not much taller than that on the 
Erica slope prior to the fire. The heat of the latter will therefore have been of 
much the same intensity and certainly appreciably less than in zone 2, the 
more so as there were practically no trees in the region under discussion. The 
fact that a large number of the Calluna and Erica cinerea plants were again 
found to be sprouting is important evidence in favour of the contention above 
made. That the heat of the fire had been inconsiderable was shown also by the 
fact that some of the dense Vlex nanus cushions were not only sprouting from 
the buried crowns, but also from the lower parts of some of the upright shoots 
forming the convex cushion (2, p. 125). It may be that such specimens are 
the ones subsequently to produce a number of upright shoots ( 2 , p. 126) which 
during their early growth are protected by the burnt mass of the old cushion. 

(4) This zone, being rather more than a year in advance of the others 
(F 23), was already showing signs of closing up. The growth had however at 
the time of the fire been of about the same height as on zone 3 and here again 
large numbers of the Calluna and Erica cinerea plants were sprouting. An 
interesting point of contrast between this zone and the others was afforded by 
the fact that Erica cinerea was in full flower here, but not in the other zones; 
it appears that it does not flower in the first year succeeding a fire and this is 
probably largely true of many of the other heath constitutents. 

All the facts point to the necessity of modifying the earlier conclusion with 
reference to the survival of Calluna and Erica cinerea. Whether these forms 
rejuvenate or not depends in the first place on the height of the vegetation 

^ The rather frequent trees found in this region will also have contributed to the intensity of 
the fire. 
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burnt and the resulting amount of heat generated. When the heat is intense, 
only those plants with buried crowns survive and not all of these. It would 
also seem that Vlex europaeus, if the fire has been very fierce, may fail to 
sprout. On the other hand, the majority of the Ulex nanus plants always 
survive, no matter what the intensity of the fire has been. 

The region occupied by F 12 (the F 2 of 2 , p. 117), which was reburnt in 
1924, was then 12 years old. Occupying a somewhat sheltered slope the vegeta- 
tion was on the average a good deal taller than that of almost equivalent age 
(F 11) on the summit of the central ridge (zone 3 above) and the effects of the 
fire correspondingly greater. In July 1924 Vlex nanus was sprouting ex- 
tensively, also quite a number of the Calluna and Erica cinerea plants; of the 
last two however there were not nearly as many as on the Erica slope with a 
similar exposure. Again it was apparently especially the larger plants that had 
been killed by the fire (cf. above). The Erica was not in flower. 

The different zones of F 24 (and F 23) were re-examined in June of 1926, 
two years after the fire. At this time the contrast between zones 1 and 2 was 
so startling that one would be inclined to believe that the latter had been 
burnt much more recently than the former (cf. also p. 365). In zone 1 the vege- 
tation had already practically closed up and had reached a height of about a 
foot, whilst in zone 2 there were large bare areas and the growth was still 
quite open and low. In this latter zone much of the charred surface of the soil 
was visible, although the ground between the sprouting Ulex nanus plants 
was often covered with small seedlings of Calluna and Erica cinerea. The two 
zones moreover contrasted sharply in the fact that in zone 2 the Dodder was 
quite abundant and there were a considerable number of casuals (e.g. Epilo- 
bium angustifolium, Hypochaeris radicata), all of which were lacking in the first 
zone. That the open character of the vegetation in zone 2 was not a result of 
its location on the top of the ridge and its consequent greater exposure, was 
shown by the fact that the same type of vegetation could be followed right 
down to valley A, wherever the old C U facies had extended far down towards 
the path. 

Zone 3 presented much the same appearance as zone 1, although the 
vegetation was perhaps a trifle more open. Zone 4, although a year older than 
the others, was scarcely to be distinguished from zone 3. The vegetation was 
still relatively open and not quite as tall as in zone 1. This is no doubt a result 
of the greater degree of exposure on the top of the ridge, since in the part of 
zone 4 that extended down the slope into valley A the growth was much denser 
and about twice the height of that on the top (cf. p. 367). 

The appearance of a burnt area some two years after a fire thus depends 
(a) on the height of the vegetation that was burnt, and (6) on the degree of 
exposure of the ground. The burning of tall growth, or alternatively consider- 
able exposure, lead to the prolonged persistence of an open type of vegetation 
in which colonisation by casuals is readily effected. The different contrasting 
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zones of F 24 will be kept under further observation, but there is every 
reason to believe that after a few years the differences will have disappeared 
(cf. p. 365). 

Elgee (8j p. 8), dealing with the heath association of Eastern Yorkshire, 
comes to the conclusion that the effects of burning depend on whether the fire 
has been with or against the wind. In this connection I should like to quote a 
few sentences from a letter written to me by Mr W. C. Marshall (at the time 
Chairman of the Local Committee); he says: ‘‘I have no doubt fires must 
always travel with the wind, though of course if the wind is slight and the fires 
are started in very dry stuff they will go up wind to some small extent. The 
tendency is to spread out in a fan shape. Anyone however standing in front 
of the fire will feel when the fire gets close to him strong gusts coming from the 
opposite direction, caused by the inrush of air to take the place of the hot air 
ascending from the fire. A large fire causes very considerable local disturbance 
of this sort and gives the impression that it is advancing against the wind 
when it is not.” 

Zone 2 on the central ridge included a considerable number of scattered 
trees, many of them of quite appreciable height, so that in spite of the in- 
tensity of the fire it had failed to reach the tops which were nearly all green 
in July 1924, although the branches on the lower parts were mostly dead^. 
tJudging by the development of the leaves on the upper branches, however, 
the conducting system in the main trunk cannot have been seriously impaired 
by the fire. Many of the burnt trees were sprouting from the base, viz. BetMla 
pubescens. Ilex aquifolium. Pyrm aria, P, ancuparia, Rhamnus frangiila, but 
Pinus sylvestris does not show this phenomenon. Some of the birches that had 
been completely burnt were sprouting not only from the base, but at various 
points up the trunks to near the top of the tree (cf. 7, p. 289) ; this, though a rare 
phenomenon, has also becui noted on other burnt areas where too a similar 
sprouting from some of the thicker branches was observed. It is evident that 
the birch has a considerable capacity for the formation of such adventitious 
l)ranches, since on the gravel areas in valley B some of the younger birch trees 
have been found sprouting from the base, although quite healthy above. 

Another method of rejuvenation was noted in the case of Pyrus auciiparia, 
which apart from sprouting from the base of the main trunk, also puts out new 
shoots from its horizontal roots. These shoots may arise at a distance of 5~6 ft. 
away from the main trunk. 

5. Observations on the Later Phases of Recolonisation. 

Some years after a fire the vegetation on a burnt area closes up and, viewed 
from a distance, appears continuous. On closer inspection, however, one always 
finds more or less numerous bare charred patches which may reach a yard or 
more in diameter, though usually much smaller (from a few inches to a foot 
1 Many of these trees have since been removed. 
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broad); in most cases they are larger and more numerous on the upper than 
on the lower parts of a slope. These patches are usually occupied by small 
mosses (mainly Ceratodon) and especially by species of Cladonia, which appear 
to remain sterile as long as the surrounding growth is low, but later fruit 
plentifully; practically all the. species listed on 2, p. 134, occur, except for 
C. sylmtica. The origin of these bare patches is still obscure. In many cases 
they contain the burnt remains of a former Calluna plant, whose white 
bleached stems persist for many years after a fire. The size of the stems shows 
that they must have belonged to tall plants and it is possible that the heat 
generated when they were burnt has deleteriously altered the character of the 
soil in their vicinity. The few soil determinations that have been made ( 4 , 
p. 67) are not adequate to establish this point, though hinting at some difEer- 
ences between the bare patches and the adjacent clothed areas. By no means 
all the bare areas, however, give such indications of former growth and it is 
probable that some of them were already bare prior to the last fire. 

The general Phanerogamic succession previously given (2, p. 137) and 
gleaned from a comparison of burnt areas of different ages, has been corrobor- 
ated by observations made on one and the same area at successive periods^. 
There is, however, one important deviation noted on practically all the slopes 
with a south aspect, most strikingly on the Erica slope. This is the dominance 
of Ericxi cinerea in the CUE phase to which attention was drawn in the first 
contribution dealing with the Hindhead heath (1, p. 154) and which was there 
described as being a prominent feature of the heaths of this part of Surrey. 
Comparative observations made in 1921 and 1922 have afforded some facts 
towards the elucidation of this phenomenon. Slopes with a southerly aspect 
will be more exposed to solar radiation and are also specially affected by the 
prevalent south-west winds. In July of 1921, after a very hot spell, a large 
number of the young Calluna plants and seedlings on the slopes with a south 
aspect were brown and dead, while Erica cinerea was far less affected, most of 
the young plants looking quite thriving. This heavy mortality of the Calluna 
plants was noted on the Erica slope, on F 12, on F 13, and on F 20, but not 
on F 11 with a W.N.W. aspect. Moreover, on the lower parts of the slopes 
where the surrounding growth is taller (cf. p. 367) and there is more shelter, 
the mortality of the Calluna was not nearly as marked as on the upper parts 
of the slopes; this is especially true in the Molinia zones, such as that at the 
base of the Erica slope. A further confirmation of the conclusion suggested by 
the above observations that the dying of the Calluna is a drought effect is 
afforded by the fact that in July 1922, after a very wet and cool season, no 
such mortality on the part of the Calluna plants was observed. It would thus 
seem that slopes with a southerly aspect (especially in dry hot summers) are 
not conducive to the thriving of the younger Calluna plants, whilst Erica 

^ In spite of long-continued observation, the only addition to the list of species given on 
pp. 133-4 of the 1916 paper is the occasional occurrence of Ficaria verna along the paths. 
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dnerea is not affected in the same way; as a result the latter attains to a more 
or less marked degree of dominance. 

When a hot summer follows soon after a fire, i.e. during the early stages of 
colonisation, the Erica may attain a very marked degree of dominance, while 
in later stages the effect is not so pronounced because there are already a 
number of older Calluna plants which are not affected. Thus, the dominance 
of the Erica in 1921 was much more marked on F 20 than on F 16. 

In July of 1921, and to a less extent during the subsequent three years, 
F 20 showed a very striking division into three zones, the boundary lines 
between which ran roughly at right angles to the path in valley 4 (Fig. 1). 
The most northerly of these three zones bore a rich growth of Erica cinerea in 
full flower, although closer inspection showed that there was a great deal of 
prostrate Vlex nanus as well. In the next zone there was little Erica and the 
Ulex was altogether dominant. In the third zone bracken, which was fairly 
abundant also in the first, was the dominant. The first zone (being part of 
F 11) had been occupied by relatively low growth, the other two zones by 
taller growth prior to the fire. In the first zone there was abundant sprouting 
Erica cinerea, which being in its second year was in full flower, whilst a large 
proportion of the Calluna as above described had been killed off by the 
drought. Zone 2 had little sprouting Calluna or Erica cmerea (cf. p. 302 above) 
and the Ulex was therefore dominant, whilst zone 3 was merely zone 2 plus 
dominant Pteridium. Here therefore there was a startling difference between 
adjacent vegetation zones that one might easily be tempted to ascribe to soil 
conditions, but which was a combined result of the diverse height of the 
vegetation burnt in F 20 and the hot summer of 1921. In 1926 it was quite 
impossible to distinguish zones 1 and 2 which, in the course of further develop- 
ment, had come to resemble one another completely. The contrast between 
zones 1 and 2 of F 20 in 1921 is paralleled by the contrast between zones 1 and 
2 of F 24 in 1926 (cf. p. 362). 

The cause of the dying of the Calluna and the survival of the Erica is 
however at present not altogether explicable. The former roots more deeply 
as a general rule than the latter (2, p. 120) and Dr Haines informs me that the 
drought resistivity of Calluna plants is considerably greater than that of Erica 
cinerea. It must be remembered however that both these observations refer 
to the mature plants and, as regards the latter feature, no data are at present 
available respecting the young ones^. The rooting depths of the young plants 
appear to be about the same. One significant observation may however be 
mentioned in this connection. On dry wintiy days, even in a wet summer, the 
growing tips of the younger Calluna plants, on the exposed upper parts of the 
common, are in large part limp and almost drooping, which is a first symptom 
of wilting with these forms. None of the other heath plants show this pheno- 
menon, nor do the older Calluna plants often exhibit it. It is far less evident 
^ Dr Haines however tells me that the drought resistivity of Calluna increases greatly with age. 
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after rainy weather, although apparently not disappearing altogether. It 
seems very probable that it implies a lesser capacity on the part of young 
Gailuna plants to absorb moisture and that this is responsible for their death 
in a hot dry summer. A curious feature of this bending over of the tips is that 
the curvature is nearly always away from the direction of the prevailing 
winds. It is probable that a careful examination of the root systems of young 
plants of Calluna and Erica would throw light on the phenomenon just dis- 
cussed. 

6. The Influence of Exposure on the Later Phases of the 
Development of the Heath (including growth forms). 

A considerable number of observations on the effect of exposure on the 
vegetation of the heath have already been contributed ( 1 , p. 161; 2 , p. 122). 
A very striking outcome of this factor is the change in the height of vegetation 
of equivalent age, as one passes from the tops down the slopes into the valleys. 

Table II. Average maximum heights^ of different members of the 
heath vegetation at different levels (heights in centimetres). 





1921 

A 



1922 

■ 


1923 

A 


Locality Plant 

Top 

Middle 

Bottom 

Top 

Middle 

Bottom 

Top 

Middle 

Bottom 

1 

Ulex nanus^ 

45-5 

68*6 

78*6 

45*5 

62*5 

84 

61 

67 

73*6 

F16 - 

Calluna 

42 

68*5 

61 

43 

63*5 

63*5 

51 

65 

66 

Erica oin. 

30*6 

37 

40*6 

33 

42 

48*5 

38 

43 

45*6 

1 

Pteridium 

61 

71 

— 

44*6 

66 

73‘5 

48*6 

63*6 

76 


Ulex nanus* 

63*6 

66 

66 

63*5 

61 

75 

— 

— 

— 


Calluna 

43 

68*6 

71 

61 

56 

68*6 

— 

— 

_ 

F16a- 

Erica cin. 

32 

87. 

38 

36*6 

38 

43 

— 

— 

, — 


Pteridium 

75 

68-6 

99*5 

68*5 

68*6 

77*5 

— 


— 


,Ulex europ. • 

130 

— 

160*5 

160*5 

— 

158 

— 

— 

— 


^Ulex nanus* 

43 

42 

70 

38 

43 

66 

— 

— 



1 

Calluna 

44*6 

66 

— 

48*5 

63*6 

— 

— 

— 

— 

Fll . 

Erica cin. 

32 

48*5 

— 

37 

61 

— 

— 

— 

— 

Pteridium 

54*5 

68*5 

106 

44*6 

67*6 

82-5 

— 

— 

— 


Ulex europ. 

— 

— 

181 

— 

— 

194 

— 

— 

— 


^ Erica tetr^ix 

37 

54*5 

— 

38 

53*6 


— 

— 

— 


Ulex nanus® 

66 

— 

66 

51 

— 

63*6 

— 



— 


Calluna 

61 


63*6 

56 

— 

63*5 

— 

— 

— 

F12 ■ 

Erica cin. 

45*6 

— 

48*6 

43 


62 

— 

— 

— 


Pteridium 

71 

— 

73*6 

57 

— 

62*6 

— 

— 

— 


^Ulex europ. 

— 

— 

173 

— 


173 

- 

— 

— 


^ Each based usually on about a dozen measurements. 
* Projecting upright shoots. 


This is well illustrated by Table 11. The measurements here given indicate the 
average heights of outstanding specimens at the different levels, the general 
level of the vegetation being in each case somewhat lower (especially at the 
tops) ; the Pteridium fronds of course stand higher than the other constituents 
of the flora. The vegetation on the tops shows a much more uniform level 
than that on the slopes, even than that on the upper parts of the slopes. On 
the tops every projecting tip, as observation shows, is liable to desiccation 
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( 2 , p. 127) and this keeps the general level uniform, while on the slopes where 
mutual protection comes less into play the more robust members grow more 
rapidly than the others and we get diversity of level. This is very strikingly 
shown by Ulex nanus (2, p. 126), which forms few upright projecting shoots 
at the tops but quite a considerable number on the upper parts of the slopes, 
although these are never as tall as at the bases of the slopes (cf. Table II). 
Where, however, protection is afforded 'at the tops (as by the abundant tall 
Ulex europaeus at the summit of F 16 a) the plants may grow as tall as at the 
bottoms of the slopes. 


Table III. Measurements of individual plants at successive 
levels up the slope of F \1 in July 1922 (cm.). 


Position 

(o) Up to 50 ft. above the 
base line 

(6) Between 50 and 100 ft. 
above the base line 

(c) Btitween 100 and 150 ft. 
above the base line 

{d) Above 150 ft. above the 
base line 


Calluna 

89, 85-5, 73-5, 89, 76-5, 
71, 70, 76-6 

54-5, 02, 57-5, 03*5, 58-5, 
61, 59-5 

54-5, 51, 40-5, 45*5, 51, 
56, 50 

49-5, 54-5, 45-5, 52, 48*5, 
42, 43, 45-5, 38 


Erica cinerea 

58-5, 07*5, 53-5, 47, 58-5, 
73-5, 66, 57-6 

48-5, 45-5, 43, 48-5, 53-5, 
47, 43, 48*5 

35-5, 48-5, 40-5, 40*5 

38, 39-5. 34*5, 42, 45-5, 33, 
39-5, 30-5, 36*5, 34 5, 30*5, 
33, 35-5 


The difference of height^, as between the tops and the valleys, is always very 
striking and may be so marked that one would be inclined to suspect different 
fire zones, were it not for the fact that the change of height is quite gradual. 
Table III is given in illustration of this point and requires no further comment. 
The very striking difference in height^ is no doubt conditioned in part by the 
greater water content and usually greater humus content of the valleys and 
lower parts of the slopes as compared with the tops ( 4 , p. 56), but the varying 
degree of exposure to wind is certainly also a potent factor. This is shown by 
many observations, to wit the more frequent dying away of the tips of exposed 
plants at the tops, the greater abundance and larger size of the bare areas at 
the tops, and the actual physical data that have been obtained ( 2 , p. 124). 
As regards the fronds of Pteridium, the effect of shelter was well shown on F 22 
in 1922; the average height of the fronds at the base of the slope was 38 cm., 
whilst those growing in the shelter of a mass of dead Ulex europaeus near by 
averaged 85 cm. 

The gradual disappearance of the sharply defined fire boundaries, referred 
to at the commencement of this communication, is probably likewise a result 
of shelter. Thus for many years the boundary of F 11 stood out sharply from 
afar, but in 1922 it was becoming very difficult to recognise and could not be 

1 It is noticeable that the cushions of Ulex nanus are flat and broad near the tops, but tend 
to be much more convex lower down the slopes. 

® Associated with it are marked differences in habit and anatomical construction of the 
respective plants, features that will shortly be dealt with by Miss N. E. Bright of this department. 

24-2 
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seen at all, when one was close at hand. It is the favoured growth of the plants 
at the edge of such a burnt area, due to the shelter afforded by the adjacent 
taller growth, that gradually leads to the blurring of the boundary line. 

There is undoubtedly a very great tendency for the tips of exposed plants 
to die away. The majority of the Finns plants colonising the gravel areas on 
the western slopes of valley B exhibit dead tips to the main axes and often to 
some of the laterals as well; many of these are too far above the ground to be 
caused by rabbit nibbling, moreover in many cases one still finds the dead tip, 
though shrivelled and brown. Plants that are well sheltered do not show this 
phenomenon. In July 1921 a considerable number of the TJlex nanus plants 
near the top of the Erica slope had upright shoots projecting well above the 
general level; all of these without exception showed dead tips having dried 
out to some little distance below the apex. Below the latter arose a group of 
laterals, each terminating in a spine, which at this time usually appeared fresh 
and green, though some of them were already turning brown. The death of 
projecting tips of Calluna has already previously been commented upon 
(l,p. 153). 

Calluna, like Ulex, exhibits different growth forms which are probably 
largely the result of diverse response to exposure. Most successful are the 
bushy forms in which several, and often a considerable number of, branches 
arise from the base of the plant. Such generally show few dead branches and 
small leafy shoots occur in profusion on the upper parts of the plant. A con- 
trast is afforded by individuals in which there is a prominent tall main stem 
bearing only dead branches below, but more or less abundant leafy ones above. 
Such plants, as they get older, commonly become lanky, developing fewer and 
fewer leafy branches, many of which gradually die away, so that ultimately 
the greater part of the shoot system may be dead. This was the condition of 
many of the Calluna plants in the C U facies on the top of the central ridge 
prior to the fire of 1924. Not uncommonly such plants rejuvenate, even without 
the occurrence of a fire, by sprouting abundantly from the base or even from 
the lower parts of the thicker stems. 

It is probable that the bushy growth form of Calluna results either from 
the upgrowth of a number of branches from the dense cushion that is often 
formed when a burnt plant sprouts or by the (perhaps repeated) dying away 
of the tip of a seedling plant as a result of wind trimming. It is to be noticed 
that, in the case of Calluna, sprouting plants always form upright shoots 
sooner or later, whilst in the case of Vlex nanus this is by no means the cftse, 
only occasional ones doing so. This is probably a question of vigour. It is 
noticeable moreover that when a Ulex nanus plant forms a number of upright 
shoots, these generally look thoroughly healthy, whilst when only one or two 
are formed they generally die away very soon. Flowering takes place much 
more freely on the upright than on the prostrate shoots of this plant. 

In July 1922 a considerable number of Calluna plants were collected from 
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different burnt areas in order to determine, by counting the number of annual 
rings, the probable date of the respective fires'. In all cases the extreme base 
of the stem was sectioned, but the result showed the plants on a given piece 
of ground to vary somewhat in age. This one would expect from the fact that 
some plants arise by sprouting from old stools, whilst others have originated 
from seedlings which moreover do not all grow at the same time. Somewhat 
more surprising was the fact that the plants often exhibited a progressive 
increase in age in passing down the slopes (cf. Table IV); it is to be noticed too 
that Ulex nanus does not afford the same result. The explanation is probably 
to be found in the fact that on the upper slopes the greater exposure leads to 
a successive dying away of the upright shoot system of the Calluna plants 
until sufficient shelter has been created for a permanent shoot system to 
establish itself. It will be noticed that on F 16a, which does not face the pre- 
vailing winds, this feature is very little pronounced. The results again indicate 
the great susceptibility of young Calluna plants to the effects of exposure. 

Table IV. Numbers of annual rin^s in plants of Calluna and of Ulex nanus on 
different burnt areas in 1922. 


I^ocality 

Calluna 

Ulex nanus 

F 11, top 

7-8 

— 

F J J, upper part 

8-9 

— , 

F 11, luiddlo 

9-11 

— 

F 07, valley A 

12-15 

— 

F 10, top 

3-4 

3-4 

F 10, middle 

5-0 

3-4 

F 10, base 

0-7 

3-5 

F 10 a, top 

5 

3-4 

F 10 a, middle 

0 

3-4 

F 10 a, base 

5-0 

4 


The different growth forms of Ulex europaeus ( 3 , p. 31) and U. nanus ( 2 , 
p. 125) have in general already been fully considered. Miss Skipper, in the 
case of the former, distinguished between ‘‘ordinary ’ and ericoid types, 
the former differing from the latter inter alia in the possession of a more robust 
habit with long stout primary spines. No definite relation between these two 
growth forms and habitat conditions has, however, so far been established. 
It would seem that two similar types can also be distinguished in the case of 
Ulex nanus. The tall specimens ( 1 , p. 151; 2 , p. 127) found at the bases of the 
slopes have short spines and exhibit an ericoid habit, while the type with 
more robust spines is found principally on the upper parts of the slopes. This 
distribution is not, however, found everywhere on the common, and the two 
types, as in the case of U . europaeus^ are connected by transitional forms, 

7. The Effect of Eepeated Fires on the same piece of ground. 

Haines ( 4 , p. 69) has shown that fires lead to the destruction of 60 per cent, 
of the original humus when relatively young heath is burnt, but only about 
30 per cent, in the case of older heath. Fires at frequent intervals will therefore 
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lead to a progressive reduction in humus (and also in salts), which appears to 
make conditions of life easier for plants that do not belong to the ;regular heath 
flora on this common and in particular, where bracken is lacking, to encourage 
the growth of mosses and grasses. The area F 22 on the eastern slopes of 
valley B has frequently been invaded by fires during the period of observation. 
While no detailed survey has been undertaken in this region, occasional records 
made from time to time tend to show that the true heath flora is here gradually 
diminishing in importance. In May 1924, two years after the last fire, when in 
most cases the new vegetation would be commencing to close up, a very large 
part of the ground was covered with mosses {Polytrichum piliferum, Ceratodon 
purpureum), Ceratodon giving a very noticeable brownish coloration to the 
surface, when seen from afar; lichens on the other hand were very scanty. 
Grasses of various kinds, mainly MoUnia and Aira, were frequent and there 
were a number of specimens of shrubby forms (inch Rubus), In 1926, however, 
although considerable parts of the ground still remained open and covered by 
mosses, the true heath forms had again begun to assert themselves at most 
points, and the character of the vegetation was approaching more nearly to 
that foimd elsewhere. It is probable however that, if another fire occurs in 
the near future, the ericaceous forms will have a still harder struggle to 
appropriate the ground. 

At the top of F 16 a there is an extensive region, characterised by the 
absence of Calluna, the rather dense vegetation consisting of bracken, prostrate 
Ulex nanus. Erica cinerea, and great quantities of Aira Jlexuosa, It is thought 
probable that this represents a region frequently burnt in the past, with 
resulting dominance of the grass. It would seem that Calluna is more easily 
ousted than Erica cinerea, whilst Vlex nanus is the most tenacious of all. 

No doubt the rapidity of degeneration of frequently burnt ground will 
depe;id on the readiness of access of grasses and of the casuals which replace 
the normal heath flora. It may be expected to occur more rapidly in the 
neighbourhood of highways than elsewhere. It is suggested that the type of 
vegetation encountered on many of the surrounding commons lying near the 
main roads — with an abundance of gorse, brambles, Crataegus, etc., as well 
as of various grasses and only occasional small patches of ericaceous forms — 
is primarily a result of frequent fires and progressive destruction of the humus. 

8. General Summary. 

The general succession after fires on such a heathland as that on Hindhead 
Common and many adjacent parts of Surrey may be briefly indicated by the 
scheme on p. 371. 

It appears that, except in the case of ground frequently burnt (see section 7), 
the vegetation always ultimately passes over to the C U phase, in which Calluna 
is completely dominant and by its tall growth more or less completely hides 
the codominant, but largely prostrate, Ulex names. There is no evidence that 
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the latter is in any way deleteriously affected by the dense shade cast by the 
Calluna which is probably largely responsible for the elimination of other 
forms. As previously pointed out (2, p. 137), spontaneous colonisation by Finns, 
Betula, etc., would no doubt ultimately lead to the development of woodland, 
but over most parts of the common the trees are felled after they have reached 
a certain size. 

The results communicated in the second section of this paper tend to 
emphasise the stationary character of such heath vegetation. Fires cause little 
ultimate change and, after a number of years have elapsed, the heath presents 
the same appearance and detailed composition as before. Its essential com- 
ponents aref Calluna, Erica cinerea, and Vlex nanus, and all the others [Fieri- 
dium, Vaccinium Myrtillus, Erica tetralix, Molinia coerulea, Aira jlexuosa), 
though frequently abundant, are locally absent over considerable stretches of 
ground. Evidence has been produced in the second and third sections which 
testifies to a spread of Fteridium and Molinia in the first years after a fire 
from regions (commonly the valleys) in which they were previously abundant, 
but such spread no longer occurs when the vegetation has closed up and the 
ericaceous forms have asserted themselves. Neither of these plants has, how- 
ever, appreciably extended its domain during the sixteen years that the 
common has been under observation. Although rabbits occur plentifully on 
many parts of the common and evidently attack many of the plants present, 
there is no evidence that the biotic factor plays any considerable role in this 
region. 

Apart from fires, varying exposure is the most important factor affecting 
the character of the vegetation. Growth in the valleys is more rapid and 
denser than on the tops, where the full effects of exposure are felt, but the 
change is quite gradual and this factor does not condition any sharp boundary 
lines. 
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THE RESULTS OF AN UNINTENTIONAL 
ECOLOGICAL EXPERIMENT 

By V. S. SUMMERHAYES AND W. B. TURRILL. 

Richmond Park, Surrey, the largest of the parks open to the public in the 
metropolitan area, consists of undulating ground partly wooded and partly 
grassland. The underlying stratum is London clay, locally covered with younger 
sands and gravels of alluvial origin. The grassland has been much altered by 
grazing (by cattle, sheep, and deer) and treading, while certain parts are used 
for football during the winter months. On the northern side near Sheen Gate 
the normal semi-natural vegetation is of a slightly acid type in which Holms 
mollis^ Festuca rubra, Galium saxutile, Potentilla erecta, Luzula campeMris, 
Rumex acetosella, Veronica officinalis, and Agrostis spp. are the chief con- 
stituents. Holcus locally forms almost pure societies, while in some places the 
grassland is replaced by bracken communities. 

While walking casually over this part of the park in the spring of this year 
we noticed that in certain places narrow strips of vegetation differed from the 
normal. In other places vegetation was almost entirely lacking along certain 
lines, and investigation showed that these strips or lines corresponded with the 
touch-lines of various football pitches. Closer examination revealed striking 
alterations in the flora as a result of the presence of chalk or lime^ added in 
marking out these touch-lines and it was thought that our observations were 
of sufficient interest to record. We treat separately two areas, one on higher 
ground, the other on lower, since it was found that the modifications of the 
vegetation resulting from the marking were slightly different in these areas, 
the differences probably being correlated with dissimilar water contents of 
the soil. 

Higher ground. The locality where our observations were made lies just 
west of the Sheen Gate and consists of almost flat ground with no obvious 
superficial drainage. The turf here is very short and in places rather sparse 
and is traversed by numerous, parallel and closely adjacent, or sometimes 
intersecting altered strips of vegetation representing the touch-lines of succes- 
sive years. The first result of the deposition of the chalk or lime, especially 
where much was deposited, is the almost complete extermination of the 
vegetation. Scattered plants of some of the species may survive of which the 
most prominent is Cynosurus cristatus which occurs on the pitches in small 
quantity and is possibly a relic of seed-sowing in past years. Where the 

1 The exact composition of the white marking material when first applied varies. It is 
sometimes made of slaked (slacked) lime, sometimes of unslaked lime, and sometimes of whiten- 
ing. The first is rarely completely slaked and causes some “burning” which is very marked 
when unslaked lime is used. ^ 
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marker had been emptied circular patches are found about a foot in diameter 
and these are perfectly devoid of vegetation. After the initial destructive 
effect of the marking material the conditions gradually improve owing to 
dilution and washing into the soil by rain, and the bare or partially denuded 
strips are invaded by species which ordinarily do not maintain themselves in 
quantity in competition with the normal vegetation. Such plants are Cyno- 
sums cristatus, Lolium perenne and Trifolium repens. By degrees the lines 
become Completely colonised by these species associated with a few individuals 
of the surrounding grass-heath flora. At this stage the lines are easily dis- 
tinguished from the rest of the turf by the numerous inflorescences of Cynosurm 
and Lolium, these being very scattered elsewhere. The light yellowish green 
leaves and spikes of the former grass contrast strikingly with the surrounding 
greyish green Holcus which rarely occurs on the lines. On the other hand, 
Rumex acetosella, which flowers freely in the normal grasslands, also occurs 
in the strips but was not found in flower. Another difference between the 
lines and the unchanged grass-heath is the reduction of undecomposed organic 
debris lying on the surface of the former, this being undoubtedly due to the 
increased activity in the less acid soil of the bacteria which break down the 
debris. With advancing age the effect of the deposited material disappears 
and the adventives associated with it are replaced by grass-heath vegetation, 
but it is many years before the reversion to the original community is complete. 

A series of soil samples was taken with the object of seeing what difference 
in soil acidity had been produced by the addition of chalk or lime. Samples 
taken around the roots of Holcus and Galiurn saxatile, about 1 m. from a 
typical line, gave pH values of 6*6 to 6'9. A corresponding sample of soil from 
the strip itself, the chief plant in this case being Cynosurus, had a pH of 7-4. A 
third sample from a near-by line quite recently marked and still white gave 
an even more alkaline reaction, viz. pH 7*8. These figures illustrate sufi&ciently 
the alterations in soil acidity consequent on the addition of the marking 
material and the subsequent leaching. 

Lower ground. The second locality was near the Beverley Brook, a short 
distance from the Roehampton Gate. Here the substratum is considerably 
damper, J uncus effusus being found abundantly near the brook and occurring 
in scattered tufts on the pitches themselves. The grass-heath in this region is 
composed predominantly of Festuca rubra^, which forms small tussocks, 
together with Luzula campestris and abundant Galium saxatile, the whole 
having a dull brownish green tinge at the time of oUr visits. 

The first effect of the chalk or lime seems to be the same as on the higher 
grotmd but, owing to the greater water-content, invasion of the more or less 
denuded strip takes place more rapidly. The chief species occurring here as 

* Series of specimens of the Festuca were submitted to Mr W, 0. Howarth who kindly reports 
that they are F. mhra L. subsp. genuina (Hack.) var. vnlga/ris Hack, and intermediate between 
subvar. vulga/ris Hack, and subvar. barba^ Hack. There is a oon^derable range in the degree 
of hairiness of the glumes in different plants. 
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first invaders are Poa annua and Trifolium repens, the two imparting to the 
lines a deep rich green coloration. Other species found less frequently include 
Rumex acetosella (sterile), Achillea millefolium, Cerastium vulgatum, Carex 
goodenovii, Lolium perenne and Galium verum, A striking feature of the lines 
in this district is the abundance of worm casts, especially noticeable after rain, 
these being almost entirely absent from the surrounding unmarked grassland. 
Where slight hummocks occurred in the course of the line it was noticed that 
there were breaks in the strip of modified vegetation and here normal grass- 
heath appeared unchanged. Whether these were due to the tilting of the 
machine preventing efficient deposition of marking material, or whether the 
chalk or lime deposited had been leached rapidly from these hummocks, could 
not be ascertained. As on the higher ground a marked difference in the organic 
litter lying on the*ground was noticeable, there being practically none along 
the lines, whereas on the surrounding turf a thin brown layer was everywhere 
visible. It is worth noting that the deer, of which there are a considerable 
number in the park, found the Poa much more palatable than the Festuca, for 
while the former in places had been nibbled quite short, the latter seemed 
almost untouched. 

At a later stage an interesting contrast is afforded by the distribution of 
the two species of Galium, G. verum and G* saxatile. The latter grows abundantly 
right to the edge of the affected strip where it ceases quite abruptly and is 
there replaced by its congener, reappearing with the same abruptness on the 
other side. With the gradual disappearance of the chalk and lime effects 
G. saxatile, however, re-invades the strips together with the other members of 
the normal grass-heath flora. From our observations it seems probable that 
the whole process of succession is completed in a shorter time than on the 
higher and drier ground. 

While the observations recorded above are by themselves of no great im- 
portance yet they may be of use to others engaged on similar communities in 
districts not so much affected by man’s activities. It would also be of interest 
to compare data of a similar nature collected from districts where the soils and 
plant covering are different from those of Richmond Park. 



SCHEME FOR ABSTRACTING PUBLICATIONS ON 
BRITISH EMPIRE VEGETATION 
(BRITISH EMPIRE VEGETATION COMMITTEE) 

The British Empire Vegetation Committee (appointed by the Imperial 
Botanical Conference held in London in 1924), which last year completed the 
preparation and publication of Aims and Methods in the Study of Vegetation, 
thus carrying out Resolution 10 of the Conference, now desires to put into 
effect Resolution 9 of the Conference — ^that all future work published on the 
vegetation of the Dominions and Colonies should be registered and abstracted, 
the abstracts being made generally available by periodical publication. 

The plan proposed is to invite authors of papers and books throughout 
the Overseas Empire dealing directly with Vegetation and Ecology in its 
widest sense and also with other publications likely to be of use to students of 
these subjects to send to the Secretary of the Committee (Dr T. F. Chipp, 
199 Kew Road, Kew, Surrey) abstracts of their publications. In the case of 
books or papers dealing directly with vegetation and ecology, or as a whole 
of direct interest to ecologists, the abstracts should be of the type customarily 
given at the conclusion of papers in scientific journals, and should not as a 
rule exceed 3 to 5 per cent, of the length of the paper. Very often they may be 
much shorter than this, though in the case of papers describing new and 
important results of thorough ecological or vegetational work they may have 
to be longer. Many papers and books not dealing directly with ecology or 
vegetation, but of the existence and nature of which it is desirable that 
ecologists should be aware, such as floras, floristic lists, work on climate, 
geology, soils, agriculture, forestry, etc., may be adequately noticed in a very 
brief space, sometimes in a line or two, or may be merely cited in title where 
this is sufficiently descriptive. When certain parts only of a publication are 
of ecological interest, such parts only should be abstracted. 

When a separate copy of the publication can be conveniently sent with 
the abstract this should be done. 

The abstracts will be collected and edited by a number of collaborators, 
each dealing with a specific portion of the Overseas Empire, and will then be 
published, by arrangement with the British Ecological Society, in the form of 
supplements to The Journal of Ecology, Each collaborator will see that so far 
as possible all publications bearing on the vegetation and ecology of the part 
of the Empire for which he is responsible are abstracted, and will himself deal 
with publications of which he has not received abstracts. 

The supplements containing the abstracts will be published as soon as 
enough material has accumulated, and, it is hoped, will in the future accompany 
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‘'TranspkiM'' E^erimenUs 

each issue of the Journal. There is, however, not yet enough material in hand 
to publish a supplement to the present issue. The supplements will be included 
in the subscription price of the Journal but will also be obtainable separately. 
The scheme will begin with publications bearing the date of 1927. 

A circular describing the scheme in detail was distributed throughout the 
Empire in March last. Further copies may be obtained from Dr T. F. Chipp, 
Hon. Sec. of the British Empire Vegetation Committee, 199 Kew Road, Kew, 
Surrey. 


‘^TRANSPLANT COMMITTEE” OF THE 
BRITISH ECOLOGICAL SOCIETY 

Appeal for Funds 

As the result of a suggestion by the Director of Kew a Committee has been 
formed with the object of undertaking experiments on the effect of differing 
conditions on the form, structure and other characters of plants of identical 
genetic constitution. In the first instance it has been decided to experiment on 
six species, using only plants derived from genetically pure seed of known 
origin, and growing 25 specimens of each species on each of several different 
soils of selected types, side by side in the same garden. Mr E. Marsden Jones, 
of Potterne, Wilts, has very kindly undertaken to carry out these experiments 
for which most of the plant material is available. The necessary cost of 
obtaining and transporting the soils and of making the beds is however con- 
siderably in excess of £100. Part of this sum has already been collected but 
more is wanted, and individual members of the British Ecological Society are 
asked to contribute what they can. Subscriptions should be sent to Mr W. B. 
Turrill, Hon. Sec. of the Committee, The Herbarium, Royal Botanic Gardens, 
Kew, Surrey. Cheques and Postal Orders may be crossed ‘‘Transplant 
Committee Fund (c/o A. W. Hill), Barclays Bank Ltd., Kew Green Branch.’^ 
Information on the progress and results of these experiments will be 
published in the Journal as it becomes available. 



NOTICES OF PUBLICATIONS ON 
FOREIGN VEGETATION 


AUorge, P. and Denis, M. ''Notes sur les complexes v4g4taux des lacs- 
tourbieres de rAubrac.’’ Arch, de BoL 1 , 2, pp. 17-36, 2 figuies in the 
text. 1927. 

The Aubrao region is part of the central volcanic “massif” of France. It lies south of 
Cantal in the angle between the rivers Lot and Truydre. The plateau, which is approximately 
1500 m. in height, is built of granite and basalt. The rainfall is high, 1000 to 2000 mhi., 
with much snow in winter. These conditions, with a humid climate, result in beech forest 
as the natural climax where drainage is good. This beech forest is of the same type as that 
in the Cevennes. At the present time, however, it only remains in fragments. Where the 
drainage is poor there are found lakes, swamps, ana land liable to floods. These occur 
especially on the north-eastern part of the plateau and are the portions especially studied. 

Four lakes occur, the largest having an area of 1 1 hectares and a depth of 11m. The margins 
of the lakes usually rest on fluvio-glacial deposits or peat, and the lakes are surrounded by 
swamps. The junction between lake and swamp is a fluctuating one. Of the aquatic associa- 
tions in these lakes the plankton is poor in species and not characteristic. It is intermediate 
in type between that of western and that of central Europe. The submerged leaf type, 
Myriophylletum altemi florid is also poorly developed and local. The Nupharetum is more 
common, but contains few species. The Isoetetum echinoaporm is regarded as an association 
fragment. Of the characteristic species, Isoetes lacustria occurs on sands and is associated 
with Littorella^ etc. : /. echinospora occurs on a peat bottom. The reed swamp is represented 
by Scirpetum and consists of social heiophytes which occur in more or less pure groups 
rather than mixed. 

The transition from aquatic to land conditions is represented by the Caricetum filiformis 
which builds up a substratum. This occurs in all the lakes and is a very varied community. 
Carex filiformis {C\ lasiocarpa) alone is generally abundant. 

Where the soil is aerated, this is followed by the Juncetum silvaiici^ an association domi- 
nated by J uncus sihaticus, with Oalamagroatis lanceolata locally dominant. This association 
is considered to have relationships with the Molinietum, and contains several species that 
are regarded as characteristic of that. Development proceeds from the Juncetum to a Salix 
thicket or to Agroatis grassland. The community termed Caricetum fuscae, dominated by 
small species of Carex, is local in occurrence but succeeds to the Caricetum filiformis in 
patches. 

Where the soil is saturated and not well aerated a different line of succession occurs. 
The Caricetum limosae, which contains few species, follows the Caricetum filiformis. This 
forms a floating mass difficult to enter. When the substratum gets firmer this is in turn 
followed by Rhynchosporetwm, which itself is commonly followed by Sphagnetum with its 
characteristic and homogeneous flora. In time this is succeeded by Calluna and ultimately 
by Betula, Here the later stages of this succession are rarely allowed to develop. The destruc- 
tion of the Sphagnum is brought about by Polytrichum strictum or by Scirpus caespitosus. 

Lists of the principal species of each community are given. These lists are divided into 
“characteristic” and “accessory” species. Also under each there are added notes on the 
occurrence of the association in other pla-ces, and similarities or dissimilarities are noted. 

R.S.A.' 


Shreve, Forrest. " The Vegetation of a Coastal Mountain Range.’’ Ecology^ 
8, 1, pp. 27-44, 2 maps, 4 photos in text. 1927, 

This is a general account of the distribution of the vegetation preliminary to detailed 
instrumental studies. The area is that of the Santa Lucia Mountains in California which form 
a range extending over 100 miles in length and 26-30 miles in width. The mountains rise 
to more than 3500 ft., the highest point being Junipero Serra Peak, 6844 ft. The slopes are 
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steep, the valleys without flat bottoms, and the vegetation dense with little continuous 
forest. The area has been little interfered with either for farming or lumbering. The climate 
has a winter rainfall and typically a dry rainless summer. The character of the vegetation 
is influenced by the proximity to the sea on the west and the relatively arid conditions on 
the east of the range. Altitude has little effect on the distribution; more important are slope, 
amount of soil, and prevalence of summer fogs. Very sharp local contrasts of vegetation are 
frequent. 

Four vegetation types are recognised: Hygrophytic Forest^ Mesophytic Forest, Chaparral, 
and Grassland, These represent a series of increasing dryness. The Hygrophytic Forest is 
generally dominated by Sequoia sempervirens often associated with Liihocarpus densiflora, 
and occurs in the larger canyons on the coastal slopes. In the largest canyons heavy pure 
stands or groves of redwoods extend 600-800 ft. up the slopes and to a distance of 6-8 miles 
from the sea. Isolated redwood groves occur near the sea up to 1500 ft. The redwoods cast 
a dense shade and the associated plants are of a hygrophytic type though less so than in the 
corresponding forest further north. The Mesophytic Forest never forms extensive pure 
woodlands but is very much diversified both in species and in the type of tree. While 
evergreen oaks are the most general dominants they are associated with a number of other 
trees including conifers (Finns, etc.). The shrubs that occur here are those associated with 
the moister parts of the Chaparral. Chaparral occupies more than half the area. It is exceed- 
ingly varied in composition in different portions. The features of several type^ are described. 
Grassland, which is only active in the spring and passes most of the year in a dormant state, 
is regarded as the most xerophytic type. Grasslands occur on soils about 1-2 ft. in depth. On 
the ocean side grassland is frequent on rounded wind swept ridges. The distribution of these 
types in a limited portion is described and a map of this area is given. 

R. S. A. 


Kelley, A. P. ^‘Dune Formation by Pine Barren Plants.’’ Bot. Gaz, 83, 
pp. 89-93, 2 photos in text. 1927. 

The Pine Barren region of southern New Jersey is an extensive system of sand dunes 
covered for the most part by forest, largely composed of pines. The forest floor has a fairly 
complete covering of vegetation. Wherever a plant dies the sand becomes exposed and 
is very easily removed by wind. A hollow is scooped out, the sand carried away, and ultimately 
deposited against some protruding object. The pine trees on the sand hills produce basal 
whorls of branches that tend to acjcumulate sand. The branches get buried by sand but 
the tips continue upward growth. Growth in these branches continues even after the main 
tree dies, and a sand hill is produced. In addition to such isolated sand hills, long dunes are 
formed, especially at the junction of the pine and oak forests. The sand drifts through the 
rather open pine forest but is stopped by the closer growth of the oak forest. In the Pine 
Barren region dune movements are rather slow and the pines can in most cases keep pace 
with them. 

R. S. A. 


Tharp, B. G. “Structure of Texas Vegetation East of the 98th Meridian,” 
Univ, Texas Bull. No. 2606, pp. 97, 30 plates. 1926. 

This is an extensive study of the vegetation of the eastern part of the State of Texas. The 
area covered represents about 80,000 square miles. After a general discussion of the work of 
previous investigators, a short account follows of the climatic, geological, and topographic 
features. The greatest precipitation occurs in the south-east. The land rises from the coast 
to a height of 1000 ft. in the north-west part of the area. The various geological formations 
outcrop roughly parallel to the coastline. 

The classification of the vegetation and the terminology follow the scheme of Clements. 
The term “society” is used mainly to designate the layers, though aspect societies are also 
recognised. Four formations are distinguished. Southern Evergreen Forest, Deciduous Forest, 
Prairie Grassland, and Mesquite Woodland. 

The first of these occupies the largest area and the region of most precipitation and 
moisture. The dominating tree here is Finns palmtris, associated with F, ta^ in the southern 
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parts, and with P, echinata in the northern. A description and list of the climax is given. In 
this part a hydrosere is traced up to a hardwood forest through Taxodium swamp. The rela- 
tion of this forest to the climax pine forest is discussed. Pines do not appear to invade liiU 
the streams cut down so far that drainage occurs. The Taa;odmm-hardwood forest is looked 
upon as an edaphic subclimax. The pine forests have been very much reduced in extent at 
the hands of the lumberman. The cut areas are especially liable to fire, and under such con- 
ditions the pines reproduce very slowly. Frequently the ground becomes occupied by 
thickets of dicotyledonous shrubs that occur as accessory species in the climax. Hne re- 
generation takes place readily when fire is prevented, especially if seed trees are left. 

The Deciduous Forest always occurs on sands on the higher ground further inland than 
the pine forest. Quercua stdlaia is the general dominant though often associated with 
Q. marylandica and Carya buckleyi. This forest is of rather limited extent. When the forest 
is cut regeneration by coppice occurs freely. Where cutting is followed by intensive grazing 
grassland becomes established, but as soon as conditions allow the forest regenerates. There 
is a broad transition zone between these two types of forest, where a mixed Pine-Oak forest 
is developed which occupies larger areas than the deciduous forest. 

Inland of the deciduous forest occurs the Prairie Grassland whicih is found on heavy 
block soils. This association has been much altered by grazing and cultivation and anything 
approaching a natural climax can only be found where protection has been afforded. In 
such spots Andropogon saccharoides and other species, with Stipa leucotrichay are the 
dominants. Bulbilis dactyloides and Aristida dominate in overgrazed parts. 

Secondary successions have been traced in abandoned arable land. If undisturbed the 
climax is attained in about 25-30 years. The effects of grazing are described, also the in- 
vasions of woody plants. The prairie has a broad transition zone with the pine and de- 
ciduous forests where there are alternating areas of the two types. 

The Oak-Cedar-Mesquite Woodland only occurs on the western limits of the area studied 
and is briefly described. 

A large area, 10,000 square miles, of flat land along the coast is covered by grassland of 
rather varied composition. This coastal prairie extends from regions of 50 in. rainfall to those 
of 30 in. It is regarded as being composed of serai units, and invasions by woody plants of 
the bordering communities are described. The coastal marshes are closely associated with 
this prairie and shade off into it. 

For each formation lists of the species occurring are given, subdivided according to the 
parts played by each of the plants. The account is illustratefl by a large number of excellent 
photographs. 

R. S. A. 


Ostenfeld, G. H. ^‘The Flora of Greenland and its Origin.’’ Det Kgl, Danske 
Vidensk. Selsk. Biol. Med^ 6, 3. 1926. 

The flora of Greenland, at any rate as far as the vascular plants are concerned, has now 
been fairly well worked out. In this flora 390 species are known. In this estimate many of 
the species arc somewhat aggregate Linnean species though in some genera smaller units 
are available. The distribution of these plants has now been worked out for the whole country 
along the coastal belt, the only part where flowering plants occur in any quantity. After 
a brief summary of previous work on the flora and of the theories that have been put forward 
as to its origin, the question of its age is discussed. At the present time flowering plants are 
found on rocky walls or ledges which are free from ice, known as “nunataks,” even as far 
north as 81° N. Lat. The existence of these plants in conditions that are quite glacial, lends 
support to the view that some plants in the flora date from preglacial times. The number of 
these survivors is not large however, the great majority of the flora having come in since the 
period of maximum glaciation. 

In the south and south-west of Greenland there were at one time Norse colonies of which 
remains exist. These settlements were occupied for 400-500 years up to about the middle of 
the fifteenth century. About 50 plants in the flora which are almost or quite confined to this 
region are regarded as owing their origin to the Norse colonists. 

Greenland is divided into 15 divisions for purposes of plant distribution. The species are 
further divided according to their phytogeographical types; high arctic, arctic, and sub- 
arctic. They are also grouped according to their distribution outside Greenland. The results 
for the floras of e/sch division are set out in a table. The analysis brings out very strongly 
the much more abundant flora on the west coast as compared with that on the east. Several 
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causes contribute to this: the conditions are less severe, the amount of ice-free land is greater, 
and the distance from adjacent lands is less. Also tlxe Norse cultivation was confined to 
the west coast. Of 134 species that occur only on the west coast 50 are attributable to Norse 
origin. The east coast has only 9 peculiar species, two of these being European, the others 
Arctic. Two arctic American species are found on the east coast only, at the head of a 
fjord, and appear to have reached this spot by migration across the ice of the interior. 
The north of Greenland, beyond 76° N. Lat., has a poor flora, 125 species, of which 8 do 
not occur further south. Many species are stopped from reaching the north by the glaciers 
that extend to the sea. The various divisions exhibit different proportions of the various 
phytogeographio elements. Thus the percentage of high arctic species is at a maximum in 
the north and at a minimum in the south. Exactly the reverse occurs with the subarctic 
species. The arctic species attain their maximum on the coasts, falling off to the north and 
the south. At present there are eight endemic species known in Greenland, though further 
study of critical genera, Taraxacum and Hieracium for example, may lead to an increase in 
the numbers. Of the endemics two are very closely allied to species in arctic America, the 
others belong to genera with peculiar sexual reproduction. Four species of Hieracium, for 
example, belong to sections of the genus that are not found in arctic America but ocjcur in 
Scandinavia. In Greenland these are almost wholly in the south-west and it is suggested 
that these plants are the descendants of plants brought in by the Norsemen, though the 
parent forms have disappeared. 

The flora is considered in relation to the distribution of the species outside Greenland. 
Of the 390 species 113 or 29 per cent, are definitely of American origin, 74 or 19 per cent. 
European, while 52 per cent, are of uncertain origin. If the 50 plants due to the Norse 
cultivation are excluded, the percentages become — ^American 33 per cent., European 7 per 
cent. Of the species of uncertain origin most are probably of western origin, though about 
62 may be glacial plants. The flora as a whole is therefore predominantly of American origin. 
The routes of migration are discussed and stress is laid on that from the north-west. This 
is considered as of special importance owing to the general distribution of the plants and to 
the short distance from other land. Evidence is available that in post-glacial times conditions 
of much greater warmth occurred which would have allowed of this route being used by 
plants that could not withstand the present conditions. Wind transport over ice is empha- 
sised as an important method of access of the flora. 


R. S. A. 
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McDougall, W. B. Plant Ecology. 7f x 5^ in. Pp. viii -f 17-326. With 
a frontispiece and 115 figures. London: Henry Kimpton, 263 High 
Holborn, 1927. Price 14.s*. 

This is an attempt to provide an elementary text-book of plant ecology by an Assistant' 
Professor of Botany in the Lliiivt^rsity of Illinois, who is already known to plant ecologists 
by iiis work on mycorrbiza. The earlier cjhapters are devoted to the ‘‘ecology ” of roots, stems, 
and leaves, and these contain much useful information intelligently and interestingly put. 
'rhe anatomy of ro{)ts, as compared with that of stems arul leaves, is rather neglected. 
There are s(weral chapters on “symbiosis,” a term used by the author in an unusually wide 
sense, and then qualified by adjectives -giving us, for example, “reciprocal nutritive dis- 
junctive symbiosis.” This does not seem a very convenient or advantageous usage. The 
“physical factors” are next dealt with, under the headings light (including some account 
of the work of Garner and Allard), heat, air, soil and Avater. '.riie remainder of tlie book is 
mainly devoted to plant communities and sm^c^ession, and the treatment of these is. on the 
whole, distinctly modern and good, though it suffers rather from vagueness and even some 
inconsistency in pla(!es, as a result of the author’s endeavour to reconcile the points of view 
of different authorities. Thus he appears to adhere at first to Clements’s view of vegeta- 
tion as an organism with a development as definite as that of an individual organism, but 
furtluT on he introduces Nichols’s system, which does not tit very well. The chaj)ter on the 
distribution of plant communities is much too short to be adequate. No useful account (am 
possibly be written in the space allowed. Finally there is a short chapter on applied ecology, 
and an appendix (for the teacher) on laboratory and field work. Each chapter is followtMl 
by a short list of literature in which it is plt*asant to find English work adequately rc'cognistal. 
On the whole tlu^ book represents a praisewortliy effort and should Ix^ usedul to the elementary 
student. 


Markgraf, Friedrich. Klcdnes PraMih^^ V egetalionskw^^^^^ 8| x 5| in. 

Pp. V 1 64. With 31 dlustrations. Berlin: Julius Springer, 1926. 

d’liis is an attractive little guide to the study of vegetation in the field based on the 
author’s own investigations of north German plant communities, mostly woodlands, and 
illustrated by excellent and beautiful photographs. The sociological treatment is predomin- 
antly static, the association being compared with a specit^s, the individuals of whicdi differ 
in mgligible particulars. Plant aggregations on heaps of earth by the roadside or in arable 
fields are n(jt admitted as communities. The analysis of associations is made with tlu^ aid 
of (juadrats and follows on the whole the Ziiricdi methods, but the Swedish conceptions of 
“(ionstants” and “minimal area” are used. The conceptic^n of the “synusia” is used f(jr 
lower grad(‘s of (;oinmunity within the association, and beechwood, for instance, is tjon- 
sidc'rcd an “association-group.” A section is devoted to habitat, and Instruments for in- 
vestigating tlu^ factors are des(;ribed. The importance of observing seasonal succession is 
emphasised and well illustrated by photographs, and a few of tlie more obvious cases of 
succession in tin; wider sense are touched upon. 


Waksman, S. A. Principles of Soil Microbiology. 8|: x 5| in. Pp. xxviii + 
897. With 19 plates including 154 figures. London: Bailliere, Tindall 
and Cox, 8 Henrietta St, Covent Garden, 1927. Price 45.s\ 

This is a bulky work l)y a leading authority on a subject which, though its growth has 
recently txaui very rapid, may still be (‘onsidered as in its infancy. I^ike ecology in the large, 
soil microbiology depends for its development on the advance of a large number of specvialised 
branches of knowledge bacteriology, mycology, algology, protozoology, chemistry, 
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physical chemistry and biochemistry^ It is also necessarily concerned with special technique 
requircHl for the investigation of the soil flora and fauna, and indeed for the investigation of 
general soil chemistry and physics as well. "Jlie whole of these subjects have advanced very 
rapidly during the last quarter of a century -soil science as a modern branch of investigation 
may be said indeed to have come into existence during that time, though the fundamental 
work of Beijerinck goes back more than 40 years. I*rof. Waksrnan’s work is the largest 
general book on soil microbiology that has yet been ]>ublished. It is very comprehensive, 
containing accounts of the numerous detailed researches of recent years (of which the book 
noticed immediately below is a good example) in every branch of the subject, and will be of 
the greatest value as a. work of reference for students. 


Sandon, H. The Composition and Distrihutum of the Protozoan Fauna of the 
Soil. 8| X 5i in. Pp. xv + 237 with a series of charts showing the distri- 
bution of species in the soil samples examined. Edinburgh: Oliver and 
Boyd, Tweeddale Court, 1927. Price 155. 

For the purpose of this work 115 sainphvs of soil distributed all over the world, including 
the arctic and antarctic regions were examined by iiuxmlatlon into suitable culture media. 
In none were Protozoa, entirely abstmt, and curiously enough the largest number of species 
was found in a richly manured soil from (Greenland. Flagellata, Ciliata, Amoebae and 
testaceous Khizopods were the groups of Protozoa repres(>ntod. 

The attempts at corrc'lation of the number of speci(\s of soil Protozoa with geographical 
region, nature of liabitat, total nitrogen, loss on ignition, hygroscopic water, and pH value, 
gave very little result. The most that can safely be said in the light of existing data is tluit 
Protozoa are on the wholes most numerous in species where there is the greatest food supply 
and the greatest numbi^r of bacteria (theii* (4)ief food) and therefore in soils wliich are highly 
cultivated, and that tlu* testaceous Khizopods, which are not correlated wdth bacteria, are 
specially c-liaracteristic of pe.aty soils. 

Out of approximately 250 s[)ecies of Protozoa known from the soil most are remarkably 
widely distributed and the commonest are absolutely ubi(piit()us. Most of tliese are also 
practically ubiquitous in fresh water and commonly found in water rid) in organic matter, 
though some belong to the plankton of clear waters. Put many forms equally common in 
these habitats are absent from soil and there arc aboiit 20 spcicies only known from soil, 
dims the protozoan community of the soil can scarcely be regarded as an accidental collec- 
tion of the less highly specialised types (though this description would apply to many of its 
meml)ers) and must be considered as a community with distinct characteristics, though wt^ 
cannot as yet describe its ecological requirements. Many however can tolerate and sonu^ 
perhaps prefer anacrol)ic camtlitions. 

Most of the book consists of a systematic account of soil Prot ozoa. 


Stapledon, R. G. and Hanley, J. A. Grass Land, its Management and Im- 
provement. 7| X 5 in. Pp. 159. Oxford, at the Clarendon Press, 1927. 
Price bs. 

'‘K('search bearing on several branches of grass land management is at present making 
great |)rogress” (Preface). This little book is intended primarily for the farmer w ho is willing 
to avail himself t>f this progress and to use new knowledge to helj) him to conduct wliat in 
eflect must be a continuous and life-long experiment.” The authors begin with a. short 
chapter on Natural Types of British Grass Land, distinguishing the . Fescue- Agrost is Pastures, 
well drained and not predominantly acidic, from the more acidic Nardus and Molinia types 
and from '■‘Grazings dominated by non -gramineous herbage,” namely, Heather, (ntton 
Grass, Deer Grass [Scirpus caespitosua) and Saltings. It may be thought that the I’estm'a,- 
Agrostis type, as given Ijere, is too wide, since it includes the shallow calcareous soils of the 
chalk and oolite in which species of Agrostis, though not absent, are neither dominant nor 
cliaracteristic, as well as tlie great range of well-drained hill pastures or siliceous rocks most 
of which are distinctly acid in reaction (though not of course so acid as the Nardus and 
Molinia types) and in wdiieh species of Agrostis are alwaiys a prominent feature. “Semi- 
natural types,” to which the second chapter is devoted," arc defined as those which are 
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enclosed by fences, so as to restrict and concentrate grazing, without manuring, and it is 
pointed out that this at once alters the balance of the vegetation. 

The remaining chapters are devoted to various means of improving grass land for hay or 
pasture, to temporary grass (leys), seed mixtures, and so on, including a useful chapter on 
the characteristics of the '‘cliief herbage plants.” The importance of mechanical treatment 
in improving poor grass land, especially such as “mats” readily, is well emphasised. The book 
is full of intert^sting ecologi(;al points, though the ecologist would desire a considerably fuller 
treatment than can be expected in a work designed especially for the farmer. 


Gates, R. Ruggles. A Botanist in the Amazon Valley. 7J x 5 in. Pp. 203, 
with a sketch-map showing the author’s route and 11 photographic plates. 
London: H. F. and G. Witherby, 326 High Holborn, W.C., 1927. Price 
7s. 6d. 

d’his is a pleasantly written account of the author’s voyage in 1925 up the Amazon as 
far as Telf6, more tlian 15(M) miles up river from Fara. He spent altogether six w(^eks on 
the Amazon and evidently used his timt^ to very good advantage, showing an insatiable 
curiosity not oidy in the luxuriant vegetation but in the varied scenes of human life he 
encountered. Most of the l)ook is devoted to a narrative of the journey, but at the end 
there are two chaf)ters of short notes on the Palms (in which the Amazon region is extra- 
ordinarily rich), Lecythidacicae and Bombac^accae encountered by the writer, and an inter- 
esting (joncluding chapter on ’^'d’he People,” in which the author argues that the complex 
mixture of T’ortuguese, Indian and Negro blood shows (nddence of blending of hair, skin, 
eye-(;oiour and type of feature, but also of segregation. Thus one man had “half black” skin 
but entirely white man’s features, another absolutely white skin, light brown eyes and brown 
hair with no kink, but unmistakeably negroid lips, mouth and nose — clear evidence of 
independent segregations. But the complexities of character combinations observed can 
only he exphiiiUHl by more than one pair of allelomorphs often being involved in the pro- 
duction of a “character.” 


Nicholson, E. M. Ilotv Birds live: a brief account of bird life in the light of 
modern observation. 7 J >c 5 in. Pp.x + 139, with a coloured frontispiece. 
London: Williams and Norgate, Ltd., 14 Henrietta St, Covent Garden, 
W.C. 2, 1927. Price 36*. %d. 

This attractive and often amusing little book is a very serious contribution to tht' ecology 
of birds. It deals with the means by which the bird population is kept approximately con- 
stant, the “territorial theory” of Eliot Howard (which is stated in a modified and more 
convincing form), the origin and meaning of bird song, (jourtship and breeding, migration, 
and the psychical nature of birds. All these topics are treated with sound biological 
insight on the basis of vt^ry wide pc^rsonal observation and a thorough knowledge of tht‘ 
scattered literature. The theories and suggestions advanced nearly all commend themselves 
as the most reasonable interpretations of the facts given, and are in line with the most 
modern biological and psydiological knowledge and thought. The style is vigorous, incisive 
and very fluent, if sometimes rather “breathless.” 3’he very low cost of the book ought to 
insure a large sale, and no ecologist or lover of nature will regret the minute expenditure of 
money and time involved in its purchase and in its perusal, from which he will c(Hainly rise 
with a new knowledge of bird life. We wish Mr Nicholson many disciples, both in his acute 
and energetic observation and in his sound thinking. 
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